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MOVEMENTS  AND  FLOCK  CHARACTERISTICS 
OF  WHOOPING  CRANES  WINTERING 
ON  THE  TEXAS  COAST 

Felipe  Chavez-Ramirez*  and  R.  Douglas  Slack 

Department  of  Wildlife  and  Fisheries  Sciences 
Texas  A&M  University,  College  Station,  Texas  77843-2258 
Current  Address: 

Caesar  Kleberg  Wildlife  Research  Institute 
Texas  A&M  University-Kingsville ,  Campus  Box  218 
Kingsville,  Texas  78363 

Abstract.— This  study  investigated  the  possibility  and  extent  of  winter  movements  and 
flocking  characteristics  of  Whooping  Cranes  (Grus  americana)  on  the  Texas  coast  during  two 
consecutive  winters.  Whooping  Crane  numbers  and  size  and  type  of  flocks  were  investigated 
by  conducting  aerial  surveys  during  the  winter  months.  The  proportion  of  the  total 
Whooping  Crane  population  observed  per  survey  was  used  as  an  index  of  movement  activity. 
The  mean  proportion  of  the  wintering  crane  population  detected  per  aerial  survey  was 
significantly  different  between  years  (96.7%  first  year  and  89.4%  second  year)  suggesting 
cranes  moved  from  their  normal  activity  range  in  the  salt  marsh  with  greater  frequency 
during  the  second  season.  A  possible  explanation  for  increased  movement  outside  the  regular 
range  is  reduced  availability  of  food  resources  during  the  second  winter  of  the  study.  Size 
of  Whooping  Crane  family  groups  and  those  that  included  cranes  other  than  family  members 
differed  between  habitats  =  20.3  P  <  0.05).  In  salt  marsh  habitats  19.2%  and  13% 
of  groups  involved  non-family  members  during  1992-93  and  1993-94  winters  respectively, 
while  in  upland  habitats  54.3%  and  75%  involved  non-family  groups.  Possible  explanations 
for  the  differences  in  flocking  and  social  interactions  in  different  habitats  and  between  years 
are  discussed. 


Whooping  Cranes  {Grus  americana)  wintering  on  the  Texas  coast 
exhibit  territorial  behavior  in  which  pairs  aggressively  defend  an  area 
against  conspecifics  (Allen  1952;  Stehn  &  Johnson  1987).  In  some 
instances  during  winter,  Whooping  Cranes  congregate  in  groups  or 
flocks  (Allen  1952;  Bishop  1984;  Chavez-Ramirez  et  al.  1996).  Most 
flocks,  or  groups,  of  Whooping  Cranes  appear  to  consist  of  subadult 
birds  (birds  in  breeding  plumage  but  unpaired  and  unmated)  (Bishop 
1984).  Some  groups  of  Whooping  Cranes  have  included  mated  pairs 
and  family  groups  (mated  pair  with  chick)  (Chavez-Ramirez  et  al.  1996), 
but  the  factors  that  promote  the  formation  of  groups  that  include 
territorial  pairs  and  family  groups  are  not  well  understood. 

Flocking  behavior  is  known  in  the  non-breeding  period  for  specific 
avian  species.  For  example,  waterfowl,  geese,  blackbirds  and  Sandhill 
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Cranes  {Grus  canadensis)  maintain  flocks  throughout  the  non-breeding 
period.  Other  species  are  primarily  solitary  such  as  hawks  which  consis¬ 
tently  exhibit  solitary  behavior  during  the  non-breeding  period.  Paired, 
adult  Whooping  Cranes  exhibit  territorial  behavior  during  winter,  but 
will  join  flocks  of  subadults  and  other  non-territorial,  paired  birds. 

Ecological  factors  that  promote  flocking  behavior  in  birds  include: 
increased  probability  of  food  detection  at  novel  sites  (Clark  &  Mengel 
1984),  increased  food  intake  rates  (Krebs  et  al.  1972),  and  increased 
probability  of  predator  detection  (Caraco  1980;  Valone  &  Luc- Alain 
1993).  In  addition,  groups  of  individuals  of  the  same  species  may  form 
due  to  social  facilitation,  or  the  congregation  of  individuals  at  sites  with 
unsually  high  food  availability  as  occurs  on  recently  burned  areas 
(Komarek  1969;  Chavez-Ramirez  et  al.  1996).  In  the  case  of  fire  dis¬ 
turbance,  birds  appear  to  respond  individually  to  the  same  cues  and 
group  formation  may  be  a  result  of  individuals  responding  similarly  to 
the  same  stimuli  associated  with  high  food  availability. 

Within-winter  movements  of  birds  are  not  well  studied  (Terrill  1990). 
Facultative  migration  within-winter  periods  has  been  reported  in  some 
insectivorous  migratory  birds  (Terrill  &  Ohmart  1984).  In  contrast,  in 
most  years  Whooping  Crane  territorial  pairs  and  family  groups  can  be 
found  in  the  same  area  throughout  the  entire  winter  period.  Mated  pairs 
exhibit  high  winter  territory  fidelity  as  long  as  the  same  individuals 
remain  paired  (Stehn  1993;  1994).  During  some  winters  of  apparent 
increased  movements,  territorial  birds  and/or  subadults  make  sporadic 
movements  away  from  their  primarily  salt  marsh  territories.  During 
some  years  of  increased  movement  out  of  territories  Whooping  Cranes 
appear  to  be  consistently  sighted,  and  reported,  by  the  public  in  areas 
beyond  the  normal  winter  distribution  range  (Stehn  1993;  1994). 

Explanation  of  winter  movements  by  cranes  remains  speculative  and 
there  is  no  information  to  date  regarding  the  causes  of  the  irregular 
Whooping  Crane  winter  movements.  In  this  paper,  information  is 
presented  on  possible  winter  movements  and  flocking  patterns  of 
wintering  Whooping  Cranes  during  two  consecutive  winter  periods  based 
on  information  gathered  from  aerial  surveys.  Specifically,  this  study 
evaluates  the  possible  extent  of  Whooping  Crane  movements  on  the 
wintering  grounds  and  attempts  to  determine  explanations  for  the 
observed  patterns.  In  addition,  flock  size  and  flock  composition  is 


CHAVEZ-RAMIREZ  &  SLACK 


5 


evaluated  in  different  habitats  for  groups  located  and  age  class  and  social 
status  of  individuals  (pairs,  family  groups,  subadults)  comprising  a  group 
is  determined. 


Study  Area  and  Methods 

This  study  was  conducted  on  the  Texas  coast  at  Aransas  National 
Wildlife  Refuge  (ANWR)  and  Matagorda  Island  National  Wildlife 
Refuge  (MINWR)  during  the  months  of  October  through  April  of  1992- 
93  and  1993-94.  Aransas  NWR  is  located  in  Aransas  and  Refugio 
counties  and  is  approximately  60  km  north  of  Corpus  Christi,  Texas. 
Matagorda  Island  NWR  is  a  barrier  island,  62  km  long  and  varies  from 
1.2  to  7.3  km  wide,  located  in  Calhoun  County.  Matagorda  Island  runs 
parallel  to  the  coastline  and  is  east  and  north  of  ANWR.  Most  areas 
used  by  Whooping  Cranes  are  coastal  salt  marsh  which  consists  of 
vegetated  flats  dominated  by  dwarf  glasswort  {Salicomia  virginiana), 
maritime  saltwort  {Batis  maritirna),  bushy  sea-oxeye  daisy  (Borrichia 
frutescens),  wolfberry  (Lyciurn  carolinianum) ,  coastal  saltgrass 
(Distichlis  spicata)  and  smooth  cordgrass  {Spartina  altemiflora) .  The 
wind  tidal  flats  are  dominated  by  dwarf  spikerush  (Eleocharis  parvula), 
saltgrass  and  cordgrass.  Interspersed  among  vegetated  areas  are  open 
water  bodies  of  varying  sizes. 

Two  other  extensive  habitat  types  used  by  cranes  include  uplands  and 
bays.  The  bay  habitat  consists  of  large  expanses  of  open  water  areas, 
located  adjacent  to  the  salt  marsh  flats.  The  portion  of  the  bay  used  by 
cranes  includes  the  shallow,  open  water  area  adjacent  to  the  coastline 
about  50-80  cm  deep.  Upland  macrohabitat  areas  adjacent  to  salt  marsh 
were  also  used  by  Whooping  Cranes  (Chavez-Ramirez  et  al.  1996)  and 
were  surveyed  on  aerial  transects.  Upland  habitats  are  dominated  by 
dwarf  live  oak  {Quercus  fiisiformes  x  Q.  Oleoides  hybrids)  (Simpson 
1988;  Nixon  1997),  and  grasslands  dominated  by  marshhay  cordgrass 
{Spartina  patens). 

Whooping  Cranes  were  surveyed  weekly  during  1992-93  by  locating 
as  many  individual  cranes  as  possible  on  the  winter  range  as  part  of 
ANWR  census  flights  from  a  fixed-wing  aircraft.  Aerial  surveys  were 
conducted  by  flying  parallel  to  the  coastline,  with  successive  flight  lines 
parallel  to  previous  flight  lines  and  approximately  500  m  apart.  Surveys 
were  conducted  from  an  altitude  of  between  50  and  100  m.  During  the 
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1993-94  winter  only  eight  surveys  were  completed  due  to  logistical 
difficulties,  which  included  mechanical  problems  with  the  aircraft  and 
bad  weather. 

Flock  composition. — For  each  crane  observed,  and  recorded  on  aerial 
surveys,  the  number  of  associates  (other  Whooping  Cranes)  and  group 
size  was  noted.  During  each  season,  the  number  of  non- family  groups 
(two  or  more  cranes),  mean  group  size  and  maximum  group  size  were 
estimated  and  compared  between  habitats  and  years.  Mated  adult 
Whooping  Cranes  stay  together  throughout  the  winter.  Most  adult 
cranes,  therefore,  are  observed  in  pairs,  or  if  nested  successfully  during 
the  previous  spring,  in  family  groups  of  three  individuals  (two  adults  and 
a  chick).  Chicks  are  easily  recognizable,  since  their  plumage  consists 
of  rusty-brown  coloration  on  the  wings,  dorsum,  head  and  neck.  Plum¬ 
age  coloration  becomes  gradually  whiter,  until  in  the  spring,  only  the 
head  and  neck  retain  some  of  the  rusty-brown  coloration.  Groups  with 
more  than  three  cranes  are  less  common  in  salt  marsh  areas  and,  if 
present,  are  generally  composed  of  subadults  (unmated  birds  in  adult 
plumage)  (Bishop  1984).  However,  groups  of  Whooping  Cranes  have 
been  commonly  observed  in  upland  habitats  (Bishop  1984;  Hunt  1987; 
Chavez-Ramirez  et  al.  1996).  For  this  study,  an  association  of  cranes 
was  considered  as  a  non-family  group  when  one  of  two  conditions  was 
met:  (1)  three  individuals  present  and  no  birds  retaining  juvenile 
plumage  were  present,  or  (2)  >  3  cranes  present,  with  or  without  birds 
in  juvenile  plumage. 

Winter  movements.— To  evaluate  the  possibility  of  crane  movements 
from  normal,  or  regular,  activity  range  in  the  wintering  area,  the 
proportion  of  cranes  observed  per  survey  in  relation  to  total  number  of 
cranes  wintering  in  the  area  was  calculated  after  each  survey.  Normal 
distribution  is  considered  territories  for  pairs  and  family  groups  and 
home  ranges  for  subadults  which  include  salt  marsh  and  adjacent  bay 
and  upland  areas.  The  relationship  between  the  proportion  of  cranes 
observed  and  potential  movement  is  based  on  the  assumption  that  cranes 
present  in  their  normal  territories  (pairs  and  family  groups)  or  home 
range  (subadults)  have  a  high  probability  of  detection  during  aerial 
surveys  due  to  the  extensive  coverage  of  winter  range  during  the  surveys 
and  the  high  visibility  of  cranes  in  their  open  habitat.  Failure  to  locate 
cranes  within  their  territories  or  activity  ranges  or  in  adjacent  areas  such 
as  uplands  was  considered  to  be  the  result  of  birds  that  moved  beyond 
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the  area  covered  by  the  survey.  Overall,  the  normal  Whooping  Crane 
range  at  the  time  of  this  study  and  in  recent  years  included  ANWR, 
Welder  Flats,  Lamar  Peninsula,  MINWR,  and  San  Joseph  Island.  In 
general,  during  surveys  the  same  number  of  subadults  was  found  in 
ANWR,  MINWR,  St.  Joseph  Island  or  Welder  Flats.  These  areas  are 
separated  from  each  other  by  water  and  a  distance  ranging  from  5-10 
kms. 

In  general,  because  the  maximum  number  of  wintering  cranes  arrive 
on  the  Texas  coast  by  early  December  and  begin  leaving  during  late 
March,  only  surveys  conducted  between  1  December  and  18  March  of 
each  wintering  period  were  used  to  calculate  the  mean  proportion  of 
cranes  detected  per  survey.  During  both  years  the  same  area  was 
covered  using  the  same  flight  routes  and  the  same  observers  present 
during  both  years. 

A  Mann- Whitney  U  test  was  used  to  compare  mean  proportion  of 
cranes  observed  per  survey  between  seasons.  A  Chi-Square  test  for 
differences  in  probabilities  was  used  to  test  differences  in  number  of 
family  and  non-family  groups  between  macrohabitats  and  within  habitats 
between  years. 


Results 

Winter  movements.— Thove  were  significant  differences  in  mean 
proportion  of  Whooping  Cranes  detected  per  survey  compared  to  total 
population  size  (U  =  1 1 1 .5,  P  <  0.05)  between  the  two  winters  (Table 
I).  During  1992-93  winter  a  mean  of  96.7%  (SD  =  2.  6,  n  =  9)  of  the 
wintering  Whooping  Crane  population  was  detected  during  surveys.  In 
1993-94,  the  mean  proportion  of  cranes  detected  per  survey  was  lower 
at  89.4  %  and  showed  greater  variance  (SD  =  6.1,  //  =  6),  suggesting 
cranes  moved  away  from  their  territories  or  activity  ranges  in  the  salt 
marsh  during  the  second  season.  In  addition,  during  1993-94  Whooping 
Cranes  were  sighted  consistently  in  upland  wetlands  and  grassland  areas 
not  frequented  during  the  first  winter.  Also,  a  greater  number  of 
sightings  were  reported  to  Texas  Parks  and  Wildlife  Department  during 
the  second  winter.  During  the  winter  of  1992-93,  three  sightings  (1 
confirmed,  2  probable)  totaling  six  cranes  were  reported  between 
November-March  (Linam,  pers.  comm.),  while  during  the  same  time 
period  of  1993-94,  six  sightings  (three  confirmed,  three  probable) 
totaling  a  possible  high  of  17  Whooping  Cranes  were  reported. 
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Table  1.  Number  of  Whooping  Cranes  detected  on  aerial  surveys  and  size  of  known 
wintering  population  during  different  dates  on  the  Texas  coast  during  winters  of  1992-93 
and  1993-94.  All  surveys  listed  were  conducted  between  1  December  and  18  March  each 
winter. 


Survey 

1992-93 

1993-94 

Population 

Size 

Number 

Detected 

% 

Population 

Size 

Number 

Detected 

% 

1 

135 

126 

93.3 

140 

138 

98.6 

2 

135 

129 

95.5 

141 

123 

87.2 

3 

135 

135 

100.0 

141 

123 

87.2 

4 

135 

134 

99.3 

138 

122 

88.4 

5 

136 

131 

96.3 

137 

111 

81.0 

6 

136 

134 

98.5 

137 

127 

94.1 

7 

136 

130 

95.6 

8 

136 

131 

96.3 

9 

133 

128 

96.2 

Mean 

96.7 

89.4 

Flock  characteristics . — The  proportion  of  Whooping  Crane  non- family 
groups  was  greater  in  upland  than  in  salt  marsh  macrohabitats  during 
both  winters  (X“  =  20.3,  P  <  0.05  for  1992-93,  =  23.3,  P  <  0.05 

for  1993-94,  Table  2).  In  coastal  salt  marsh  habitats,  229  groups  (>  2 
cranes)  were  located  during  the  first  winter  of  which  19.2%  (44)  were 
non-family  groups  according  to  this  study.  In  contrast,  nonfamily 
groups  accounted  for  54.3%  (19)  of  35  total  groups  located  in  uplands 
(Table  2).  During  1993-94,  only  13%  (10  of  76)  of  groups  detected 
were  non- family  groups  in  salt  marsh  habitats  while  75%  (9  of  12)  were 
non- family  groups  in  upland  habitats  (Table  2).  There  were  no  signifi¬ 
cant  differences  in  numbers  of  non-family  versus  family  groups  between 
winters  within  either  salt  marsh  or  upland  habitats. 

Discussion 

Movements  and  flock  characteristics  .—^\\oo\)\ng  Cranes  appear  to  be 
more  social  (likely  to  associate  with  cranes  other  than  mates  and/or  own 
young)  in  upland  habitats  than  in  salt  marsh  areas.  This  behavior  had 
been  noted  previously  (Bishop  1984)  though  it  had  not  been  evaluated 
quantitatively  among  available  marsh  and  upland  habitats.  Species  that 
utilize  more  than  one  macrohabitat  may  show  different  degrees  of 
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Table  2.  Number,  size,  and,  social  classification  of  Whooping  Crane  groups  located  in  salt 
marsh  and  upland  habitats  on  the  Texas  coast  from  1992-94. 


Salt  Marsh 

Upland 

1992-1993 

1993-1994 

1992-1993 

1993-1994 

Mean  Group  Size 

3.08 

3.09 

5.49 

4.6 

SD 

0.37 

0.37 

3.9 

1.6 

Range 

3-6 

3-5 

3-18 

3-9 

Mode 

3 

3 

3 

5 

NF*  Group 

44 

10 

19 

9 

(%) 

19.2 

13 

54.3 

75 

Family  Groups 

185 

66 

16 

3 

(%) 

80.3 

87 

45.7 

25 

Total  Groups 

229 

76 

35 

12 

*  NF  =  non-family 


sociality,  or  dispersion,  according  to  prey  type  found  in  each  habitat 
(Goss-Custard  1985).  In  White-faced  Ibises  {Plegadis  chihi),  group 
sizes  differed  between  wetland  and  grassland  habitats  (Amat  &  Rilla 
1994).  The  known  distribution  of  defended  Whooping  Crane  winter 
territories  is  strictly  within  the  salt  marsh  (Stehn  &  Johnson  1987;  Stehn 
1994)  and  agonistic  interactions  between  conspecifics  are  rare  in  habitats 
other  than  salt  marsh.  Similarly,  White-faced  Ibises  in  Uruguay  ex¬ 
hibited  territoriality  in  wetland  areas  but  not  in  upland  sites  (Amat  & 
Rilla  1994).  Whooping  Crane  territory  establishment  and  defense  of 
marsh  areas  suggests  that  in  most  years  abundant  and  defendable 
resources  may  be  present  there  (Brown  1964).  The  degree  of  territori¬ 
ality  in  Whooping  Cranes  may  be  influenced  primarily  by  blue  crab 
{Callinectes  sapidus)  availability  in  marsh  habitats.  The  most  striking 
difference  in  food  availability  between  the  two  winters  of  study  involved 
a  dramatic  difference  in  numbers  of  blue  crabs  found  in  the  salt  marsh 
and  reduced  capture  rates  by  the  cranes  during  1993-94  (Chavez- 
Ramirez  1996). 

During  aerial  surveys,  an  average  of  89.4%  of  the  known  wintering 
population  within  known  activity  range  was  recorded  during  the  1993-94 
winter,  compared  to  96.7%  during  the  1992-93  winter.  This  decline  in 
proportion  of  observed  cranes  in  the  second  winter  is  interpreted  as  a 
response  to  food  availability.  Food  shortages  appeared  to  have  occurred 
during  the  second  winter  of  reduced  crab  abundance  and  may  have  be- 
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come  severe  when  wolfberry  fruits  became  limited  after  mid-December 
(Chavez-Ramirez  1996),  prompting  cranes  to  search  for  food  in  areas 
away  from  the  relative  safety  of  the  saltmarshes.  In  addition,  increased 
crane  mortality  during  the  second  winter  may  be  indicative  of  food 
shortages.  During  1992-93  winter,  there  were  no  confirmed  dead  or 
missing  Whooping  Cranes,  while  in  1993-94,  five  chicks  and  two  sub¬ 
adult  mortalities  were  recorded  (Stehn  1994),  further  suggesting  that 
food  limitations  may  have  been  a  problem  (Chavez-Ramirez  1996). 
Lack  (1966)  has  proposed  that  density  dependent  mortality  would  be 
more  intense  on  immature  birds,  which  has  been  shown  to  be  the  case 
in  Great  Blue  Herons  {Ardea  herodias)  during  autumn  and  winter 
periods  (Butler  1994). 

There  are  several  anecdotal  sources  of  information  that  support  this 
assumption  that  Whooping  Cranes  indeed  exhibited  greater  movements 
out  of  their  known  winter  range  during  the  1993-94  winter.  Whooping 
Cranes  were  observed  to  regularly  frequent  freshwater  marshes  and 
other  upland  habitats  during  the  1993-94  winter,  a  pattern  not  observed 
during  the  first  winter  of  study.  During  1992-93,  winter  observations 
of  cranes  were  rare  outside  the  normal  range  reported  to  ANWR.  Re¬ 
ports  of  Whooping  Crane  observations  outside  Aransas  National  Wildlife 
Refuge  (Texas  Parks  and  Wildlife  Department)  also  show  fewer  observa¬ 
tions  reported  during  the  1992-93  winter  than  during  1993-94.  Between 
November  and  March,  two  probable  and  one  confirmed  sighting  totaling 
six  cranes  were  recorded  in  1992-93,  while  during  1993-94,  three  proba¬ 
ble  and  three  confirmed  sightings  totaling  17  cranes  were  recorded 
during  the  same  time  period. 

Documentation  of  increased  social  interactions  in  a  species  which 
rarely  socializes  with  conspecifics,  other  than  mates  and  immediate 
family  members,  may  suggest  increased  social  facilitation  in  locating 
food  resources  in  upland  areas  during  years  of  lower  food  availability. 
A  smaller  percentage  of  non-family  groups  were  located  in  salt  marsh 
habitats  during  the  second  winter  compared  to  the  first  winter,  while  the 
proportion  of  non-family  social  groups  in  uplands  increased  during  the 
second  year.  On  upland  habitats,  territorial  behavior  is  not  exhibited 
and  cranes  were  observed  in  groups  of  as  many  as  28  individuals,  in¬ 
cluding  pairs,  family  groups,  and  subadults.  Social  interactions,  in  the 
form  of  groups  in  upland  areas,  may  reflect  flocking  behavior  as  a 
response  to  changes  in  resource  abundance  or  availability,  such  as  may 
occur  after  prescribed  fires  facilitate  access  to  those  areas  (Hunt  1987; 
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Chavez-Ramirez  et  al.  1996).  Temporary  flocks  may  increase  foraging 
facilitation  at  novel  sites  through  increased  food  intake  rates  as  well  as 
enhanced  predator  avoidance  (Pulliam  &  Caraco  1984;  Carrascal  et  al. 
1993). 

Whooping  Cranes  appear  to  respond  to  groups,  and  flocking,  in  a  way 
similar  to  that  predicted  by  local  enhancement  theories  (Crook  1965; 
Kennedy  &  Gray  1994)  where  an  individual  locates  food  by  joining 
other  members  of  its  group  at  certain  patches.  Alonso  et  al.  (1994) 
report  that  individual  White  Storks  {Ciconia  ciconia)  and  Common 
Cranes  {Gms  grus)  remained  in  a  patch  based  on  the  presence  of  con- 
specifics  in  that  patch,  rather  than  based  on  instantaneous  food  intake 
rates.  The  same  pattern  observed  in  Common  Cranes  and  White  Storks 
may  occur  in  Whooping  Cranes.  While  in  upland  habitats  Whooping 
Cranes  have  shown  low  probing  rates  compared  to  other  habitats 
(Chavez-Ramirez  1996),  and  time  spent  in  feeding  activities  was 
significantly  less  in  upland  habitats  (10%)  compared  to  all  other 
individual  habitats  (all  >  37%)  (Chavez-Ramirez  1996).  Reduced  prob¬ 
ing  rates  and  time  spent  foraging  suggests  high  food  intake  rate  was  not 
the  primary  reason  to  frequent  these  sites,  unless  occurrences  at  these 
sites  served  as  scouting  visits.  In  wading  birds,  Kushlan  (1981)  suggests 
that  some  species  use  a  trial  and  error  approach,  visiting  sites  of  low 
food  availability  on  a  regular  basis  but  remaining  for  extended  periods 
only  when  food  resources  increase.  At  this  time,  it  appears  that 
Whooping  Crane  permanence  on  uplands  may  follow  a  pattern  most 
similar  to  that  reported  for  patch  use  in  White  Storks  and  Common 
Cranes  (Alonso  et  al.  1994).  A  previous  study  shows  that  Whooping 
Cranes  congregate  in  recently  burned  upland  areas,  with  use  and  group 
size  declining  rapidly  after  a  period  of  a  few  days  and  use  virtually 
terminating  after  two  weeks  (Chavez-Ramirez  et  al.  1996). 

Since  most  large  avian  species  are  either  consistently  flockers 
(Sandhill  Cranes,  Grus  canadensis  and  geese,  Anser  spp.)  or  solitary 
during  the  nonbreeding  period,  it  is  of  ecological  interest  when  territorial 
or  solitary  species  form  flocks.  In  other  avian  species,  there  have  been 
several  ecological  factors  identified  as  promoting  flocking  behavior 
including:  increased  probability  of  food  detection  at  novel  sites  (Clark 
&  Mengel  1984),  increased  food  intake  rates  (Krebs  et  al.  1972),  and 
increased  probability  of  predator  detection  (Caraco  1980;  Valone  &  Luc- 
Alain  1993). 

It  is  possible  that  groups  of  individuals  of  the  same  species  may  form 
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due  to  social  facilitation,  or  perceived  high  food  availability  as  occurs 
with  many  species  on  recently  burned  areas  (Komarek  1969;  Chavez- 
Ramirez  et  al.  1996).  In  this  case,  birds  appear  to  be  responding 
individually  to  the  same  cues  rather  than  forming  a  group  to  derive  an 
particular  advantage.  Whooping  Crane  groups  formed  in  upland  burns 
may  be  due  to  this  situation.  However,  initial  stimulus  may  be  the  fire 
and  smoke,  indicating  a  ready  availability  of  food  items,  that  rapidly 
disappear.  Continued  use  (over  a  few  days)  may  be  due  to  the  presence 
of  conspecifics  or  as  scouting  visits.  Group  formation  in  uplands  may 
be  to  favor  predator  detection  as  uplands  may  be  perceived  as  having  a 
greater  predator  threat  due  to  greater  vegetation  structure  and  occurrence 
of  mammalian  predators  (i.e  bobcats.  Lynx  rufus).  Whooping  Cranes 
spend  significantly  greater  amount  of  time  in  alert  behavior  while  in 
uplands  compared  to  all  other  habitats  (Chavez-Ramirez  1996).  Further 
detailed  evaluations  of  Whooping  Crane  flocking  behavior  are  needed  to 
better  understand  the  factors  that  promote  flocking  and  reduced  agonistic 
interactions  in  upland  habitats.  It  is  suggested,  however,  that  Whooping 
Crane  groups  form  in  response  to  social  facilitation  where  individuals 
respond  independantly.  In  addition,  increased  knowledge  regarding 
group  formation  may  help  better  understand  the  factors  promoting 
territorial  establishment  and  defense  by  Whooping  Cranes  on  the 
wintering  grounds. 
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Abstract. — White-winged  Dove  coo-count  index  data  collected  in  the  lower  Rio  Grande 
Valley  of  Texas  from  1976  to  1997  were  analyzed.  Linear  regressions  indicate  a  relatively 
stable  breeding  population  during  this  time.  However,  over  the  same  period  the  relative 
number  of  White-winged  Doves  remained  relatively  stable  in  native  brush,  increased 
dramatically  in  urban  areas,  and  declined  dramatically  in  citrus  orchards. 


The  lower  Rio  Grande  Valley  of  Texas  (LRGV)  historically  has  been 
the  primary  breeding  ground  of  White- winged  Doves  (Zenaida  asiatica) 
in  Texas  and  in  the  U.S.  (George  et  al.  1994;  Johnsgard  1975).  For  the 
purposes  of  this  paper,  the  LRGV  is  defined  as  the  four  counties  Starr, 
Willacy,  Hidalgo  and  Cameron.  Consequently,  proper  management  of 
the  species  in  this  geographic  area  is  paramount  to  its  success, 
particularly  given  its  popularity  as  a  game  species  (Small  1989). 
Historically,  White-winged  Doves  have  used  riparian  brush-land,  mainly 
along  the  Rio  Grande,  as  roosting  and  nesting  habitat  in  the  area,  while 
making  relatively  long  feeding  flights  to  agricultural  areas  to  the  north 
away  from  the  river  (George  et  al.  1994). 

During  the  1950’s  the  feeding  flights  of  White- winged  Doves  became 
more  localized  as  irrigation  allowed  for  a  shift  in  agricultural  trends  to 
counties  bordering  Mexico.  This  shift  was  aided  in  large  part  by  im¬ 
proved  irrigation  technology,  which  created  a  basis  for  increased  crops, 
and  subsequent  food  resources  closer  to  breeding  colonies  (Cottam  & 
Trefethen  1968). 

Changes  in  geographic  distribution  of  the  species  in  the  state  have 
occurred  as  a  result  of  northward  expansion  of  the  range  of  the  species. 
Currently,  there  are  estimated  to  be  more  breeding  pairs  of  White¬ 
winged  Doves  in  upper  south  Texas  (the  area  of  Texas  N  of  the  LRGV 
to  approximately  Travis  Co.)  than  in  the  LRGV  (West  et  al.  1993).  The 
expansion  north  has  primarily  been  into  urban  areas  where  year  round 
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habitat,  food  and  water,  via  human  sources,  have  established  a  sub¬ 
stantial  non-migratory  sub-population. 

Geographic  changes  in  breeding  White-winged  Doves  have  also  oc¬ 
curred  within  the  LRGV.  Much  of  this  change  is  undoubtedly  because 
of  the  large  increase  in  population,  and  subsequently  urban  habitat,  in 
the  LRGV  since  the  mid-1970’s.  The  population  of  the  LRGV  has 
grown  substantially  as  well  as  the  incorporated  urban  areas. 

Methods 

Coo-count  index  data  were  used  to  compare  the  relative  number  of 
breeding  White-winged  Doves  in  the  LRGV  by  year.  These  data  have 
been  collected  by  the  Texas  Parks  and  Wildlife  Department  (TPW&D) 
personnel  since  1949  (Uzzell  1949;  Cottam  &  Trefethen  1968).  The 
coo-count  index,  while  not  necessarily  indicative  of  the  actual  number 
of  breeding  White- winged  Doves,  is  useful  for  relative  comparisons 
between  years  and  habitat  types.  An  evaluation  of  the  1976-1997  data 
set  was  chosen  because  a  sanctuary  system,  which  first  went  into  effect 
in  1941  and  has  undergone  several  changes,  has  been  in  its  present  state 
from  1978-1997  (Dunks  1978).  The  sanctuary  system  was  abolished  in 
1998. 

The  coo-count  index  protocol  used  by  the  TP&WD  is  described 
somewhat  in  Rappole  &  Waggerman  (1986).  The  counts  were  con¬ 
ducted  annually  beginning  approximately  1  May  and  continuing  into 
June  until  complete.  The  size  and  habitat  type  of  each  individual  count 
location  varied  between  years  because  of  changes  such  as  the  amount  of 
development,  revegetation  and  available  citrus.  For  tracts  <20  ha  one 
stop  was  made.  For  tracts  >20  ha  one  stop  was  made  every  1.6  km. 
At  each  stop  the  observer  counted  the  number  of  calling  birds  over  a 
three  minute  interval.  For  tracts  involving  multiple  stops,  the  counts 
were  totaled  and  divided  by  the  number  of  stops.  Each  calling  bird  is 
counted  as  a  breeding  pair.  The  number  of  breeding  pairs  is  calculated 
using  TP&WD  guidelines  outlined  in  Rappole  &  Waggerman  (1986). 

In  addition,  the  relative  number  of  White-winged  Doves  in  the  LRGV 
was  compared  by  habitat;  native  vegetation,  citrus  and  urban.  Results 
are  expressed  in  percentage  of  total  breeding  pairs.  Linear  regressions 
were  used  for  the  analyses  because  no  a  priori  expectations  were  evident 
(Zar  1984,  Sokal  &  Rohlf  1981). 
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Figure  1.  Linear  distribution  of  the  number  of  breeding  White-winged  Doves  (A),  the 
percent  occurring  in  native  brush  (B),  the  percent  occurring  in  urban  areas  (C),  and  the 
percent  occurring  in  citrus  (D)  in  the  LRGV  based  on  coo-count  indices  from  1976-1997. 


Results 

The  results  of  the  analysis  indicate  that  total  number  of  breeding 
White-winged  Doves  in  the  LRGV  have  declined  slightly  during  this 
time,  although  the  annual  relationship  is  weak  (/^  =  0.27,  P  =  0.01) 
(Fig.  la). 

The  percent  of  White-winged  Doves  increased  in  native  vegetation 
from  1976-1997  {P  -  0.47,  P  <  0.001)  (Fig.  lb),  although  the  rela¬ 
tionship  was  weak.  In  urban  areas  from  1976-1997  there  was  a  signifi¬ 
cant  increase  in  the  number  of  breeding  White-winged  Doves  (r^  = 
0.82,  P  <  0.001)  (Fig.  Ic).  From  1976-1997,  however,  the  same  data 
indicates  a  significant  decline  in  the  use  of  citrus  by  breeding 
White-winged  Doves  (^  =  0.91,  P  <  0.001)  (Fig.  Id). 

Discussion 

During  the  period  of  1976-1997,  the  total  number  of  breeding  White¬ 
winged  Doves,  based  on  the  coo-count  index,  has  fluctuated  slightly. 
The  decline  that  occurred,  although  significant,  was  minimal  and  oc¬ 
curred  during  the  middle  years  of  the  period. 

The  numbers  of  breeding  White- winged  Doves  has,  for  practical 
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Table  1.  Examples  of  urban  growth  in  the  lower  Rio  Grande  Valley. 


City 

Year 

Area 

(km^) 

Year 

Pop.  size 

Mean  Growth/ Year 
(area  (km^)/pop.) 

Brownsville 

1980 

72.0 

1980 

84,997 

1990 

72.3 

1990 

98,962 

0.03/1,396.5 

McAllen 

1980 

73.0 

1980 

66,281 

1990 

84.0 

1990 

84,021 

1.10/1,774.0 

Harlingen 

1980 

30.3 

1980 

43,543 

1990 

69.7 

1990 

48,735 

3.94/519.2 

purposes,  remained  relatively  stable  during  this  period.  Therefore, 
identifying  trends  in  change  is  essential  to  prudent  management.  Based 
on  the  current  data  analyses,  the  majority  of  change  in  the  breeding 
population  has  been  habitat-based.  Major  changes  in  distribution  of 
breeding  pairs  have  occurred  by  habitat  type.  A  modest,  but  significant, 
increase  in  breeding  pairs  has  occurred  in  native  vegetation.  However, 
in  urban  areas,  a  dramatic  increase  in  breeding  pairs  has  occurred,  in 
conjunction  with  a  similar  decline  in  citrus  habitat  use.  This  shift  may 
have  occurred  as  a  result  of  the  unpredictable  capacity  of  citrus  trees  to 
support  breeding  White- winged  Doves,  because  severe  freezes  periodi¬ 
cally  kill  the  majority  of  suitable  citrus  trees.  However,  trends  in  the 
amount  of  area  planted  for  citrus  has  remained  relatively  constant,  with 
approximately  14,200  ha.  in  1976  and  13,355  ha.  in  1987.  Only  1983 
and  1989  showed  large  declines  in  citrus,  the  result  of  extremely  cold 
winters,  with  approximately  6,071  ha.  and  2,024  ha.  planted,  respec¬ 
tively.  These  data  suggest  the  presence  of  other  causes  for  the  White¬ 
winged  Dove  breeding  shift. 

The  LRGV  has  also  undergone  a  remarkable  increase  in  human  popu¬ 
lation  size  with  a  coinciding  increase  in  incorporated  area  (Purdy  & 
Tomlinson  1982).  Unfortunately,  data  on  actual  incorporated  area  for 
various  cities  is  extremely  scarce  and  often  simply  not  available  (Table 
1).  Further  research  is  necessary  if  the  reason(s)  for  this  geographic 
shift  in  breeding  White- winged  Doves  is  to  be  understood.  Additional 
factors  that  may  affect  location  of  breeding  White- winged  Doves,  by 
habitat  type,  include  re  vegetation  efforts  by  state  and  federal  agencies, 
changes  in  the  amount  of  citrus  farming,  citrus  tree  demographics,  or 
any  combination  of  these  factors.  Also,  a  more  comprehensive  analysis 
of  the  complete  data  set  should  be  conducted  to  provide  a  better  overall 
understanding  of  breeding  White-winged  Dove  trends. 
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NOTES  ON  THE  SINGING  BEHAVIOR  AND  USE 
OF  ATYPICAL  SONGS  IN  THE  NORTHERN  PARULA  WARBLER, 
PARULA  AMERICANA  (AVES:  EMBERIZIDAE) 

Michael  D.  Bay 

Department  of  Biology,  East  Central  University 
Ada,  Oklahoma  74820 

Abstract. — The  singing  behavior  of  the  Northern  Parula  was  studied  in  eastern  Texas  and 
eastern  Oklahoma,  to  assess  differences  between  its  two  song  types  (designated  type  A  and 
B).  Observations  of  singing  males  throughout  the  breeding  season,  indicated  differences  in 
the  usage  of  the  two  song  types  in  height  sung  and  in  rate  over  the  course  of  the  breeding 
season.  As  a  result  of  playback  experiments,  some  differences  regarding  usage  of  song  type 
in  response  to  a  singing  conspecific  were  noted,  in  addition  to  the  use  of  unusual  or  atypical 
song  types. 


The  Northern  Parula  {Parula  americana)  is  one  of  several  migratory 
wood-warblers  (Subfamily  Parulinae)  that  can  be  found  breeding  in 
bottom  land  forested  areas  in  the  eastern  United  States  (Harrison  1984). 
In  Texas,  breeding  distribution  is  primarily  limited  to  the  eastern  1/3  of 
the  state,  with  a  few  sight  records  for  some  western  counties  (Wauer 
1973). 

Like  most  species  of  wood- warblers,  the  Northern  Parula  possesses 
at  least  two  primary  songs  in  its  repertoire,  designated  the  type  A  and 
B  (Bay  1987;  Moldenhauer  1992;  or  the  accented  and  unaccented  ending 
songs  of  Morse  1989).  Type  A  songs  are  usually  more  simple  in 
structure,  consisting  of  several  buzzy  syllables  and  ending  with  a  short, 
separated  note.  The  type  B  song  is  more  complex,  consisting  of  several 
introductory  buzzy  syllables  followed  by  trill  syllables  and  usually 
ending  with  a  simple  upslur  syllable.  The  function  of  these  songs  have 
not  been  fully  studied  in  the  Northern  Parula,  however  findings  from 
other  wood-warbler  species  suggest  that  type  A  songs  may  be  used  more 
often  in  intersexual  encounters  whereas  B  songs  may  be  used  more 
intrasexually  (Kroodsma  1981;  Kroodsma  et  al.  1984;  Kroodsma  et  al. 
1989).  In  addition  to  the  primary  song  types,  some  species  sing  rare  or 
unusual  song  forms  that  are  not  completely  understood,  but  may  be 
more  frequently  associated  with  territorial  boundaries  in  male-male  and 
male-female  encounters  (Morse  1989).  In  the  present  study,  the 
behavior  associated  with  the  two  primary  songs  is  assessed  as  well  as 
situations  and  behavior  associated  with  the  use  of  unusual  or  atypical 
songs. 
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Methods 

The  song  behavior  of  the  Northern  Parula  was  studied  throughout 
much  of  its  eastern  breeding  range,  during  the  spring  and  summer  of 
1985-87  and  1995-97.  Concentrated  areas  of  study  included  east  Texas 
(Walker,  Trinity  and  Montgomery  counties)  and  eastern  Oklahoma 
(Pontotoc  and  Murray  counties).  Birds  were  located  by  their  territorial 
singing  and  followed  closely  to  determine  behaviors  associated  with  a 
bout  of  singing,  such  as  feeding  or  foraging  movements,  stationary 
singing,  song  rate  (using  a  stopwatch)  and  type  of  song  used.  Songs 
were  recorded  using  a  Uher  4000  Report  IC  recorder  at  a  tape  speed  of 
19cm/sec  and  a  Dan  Gibson  P650  parabolic  microphone  and  analyzed 
using  a  Kay  Elemetrics  6061  B  sonograph. 

After  the  recording  of  songs  and  other  behavior  during  a  normal  bout 
of  singing,  a  playback  experiment  (primarily  using  the  type  A  song)  was 
initiated  which  included  a  five  minute  period  of  song  playback,  followed 
by  a  five  minute  period  of  intermission  during  which  behavior  (i.e., 
approach  and/or  distance  of  bird  to  recorder,  song  type  responding  with, 
displacement  activity,  etc.)  was  noted  and  songs  recorded.  After  first 
playback  and  intermission  a  second  playback  (5  min  duration)  was 
initiated  followed  by  a  post-playback  observation  with  behavior  noted 
and  songs  recorded. 

Results  and  Discussion 

In  this  study  of  the  Northern  Parula,  it  appears  evident  that  the  use  of 
the  two  primary  song  types  (Fig.  la  &  b)  differed  in  several  respects. 
Type  A  songs  were  primarily  used  during  stationary  singing  and  differed 
significantly  from  B  songs  as  to  the  height  at  which  they  are  sung  (mean 
height  of  10.2  meters  for  the  type  A  vs.  12.3  meters  for  the  type  B; 
t=2.65,  df=64,  P<0.05).  Mean  rates  for  both  song  types  were  similar 
during  pre-nesting  periods;  7.4  songs/min  for  the  type  A  and  7.1 
songs/min  for  the  type  B,  however,  the  type  A  song  appeared  to  decline 
over  the  course  of  the  breeding  season  (6.7  songs/min  in  late  season) 
whereas  B  song  rate  slightly  increased  (8.5  songs/min  during  nesting  and 
7.3  songs/min  late  in  the  season).  During  most  singing  activities, 
individuals  tend  to  be  mobile  and  frequently  probe  into  leaves  and  in 
Spanish  moss  (Tillandsia  usneoides)  as  if  foraging  as  well  as  territorial 
singing.  In  only  10  of  47  observations  in  Oklahoma  and  Texas,  were 
males  observed  singing  while  stationary  and  in  most  of  these  cases 
(70%)  the  type  A  song  was  used.  Some  individuals  appear  to  be  capable 
of  singing  normal  songs  while  carrying  food  in  their  bill. 


Frequency  (IcHz) 
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Figure  1 .  Songs  of  the  Northern  Parula.  (a)  Normal  type  A  song  recorded  in  Walker 
County,  Texas,  (b)  Normal  type  B  song  recorded  in  Dickson  County,  Tennessee  (note 
-  these  songs  tend  to  be  highly  variable  in  syllable  types  between  individuals)  (Bay  1987). 
(c)  Muted  type  A  song  recorded  in  George  County,  Mississippi,  (d)  Muted  type  B  song 
recorded  in  Monroe  County,  Alabama,  (e)  Combination  song  recorded  in  George 
County,  Mississippi. 
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When  songs  that  were  sung  while  the  bird  was  stationary  are  com¬ 
pared  to  those  sung  during  activities  (e.g.,  foraging),  no  significant 
difference  in  rate  occurred  (t=0.02,  df=40,  P>0.05).  This  appears  to 
be  similar  to  observations  of  other  warbler  species  (e.g.,  Chestnut-sided 
Warbler,  Dendroica pensylvanica)  (Lein  1981).  Species  that  are  capable 
of  combining  singing  and  foraging  are  likely  well  suited  to  intense 
territorial  competition  or  conditions  that  may  require  continuous  or 
prolonged  advertisement  (Lein  1981). 

In  order  to  understand  the  nature  of  the  song  types  in  the  Northern 
Parula,  playback  experiments  were  performed  throughout  the  breeding 
season  to  ascertain  song  function.  Using  mostly  the  type  A  song  in 
playback,  males  approached  to  within  a  meter  of  the  recorder  and 
usually  responded  with  normal  and/or  abnormal  songs.  For  instance, 
after  playback  to  54  individuals,  18.5%  gave  no  vocal  response,  24% 
responded  with  normal  A  songs,  5%  sang  muted  (low  frequency  and 
shortened)  A  songs  (Fig.  Ic),  22%  sang  normal  B  songs,  3%  sang 
muted  B  songs  (Fig.  Id),  1 1  %  sang  both  muted  A  and  B  songs  and  15% 
sang  normal  A  and  B  songs  but  often  switched  types  so  quickly  that 
intermediate  songs  occurred  (Fig.  le). 

Unfortunately,  it  was  not  always  possible  to  determine  the  mating 
status  of  each  male  in  this  study,  but  it  is  likely  that  status  and/or  time 
of  breeding  season  has  much  influence  on  what  song  an  individual 
selects  in  response  to  a  conspecifics  song.  Breeding  status  has  also  been 
suggested  as  a  reason  for  the  use  of  song  types  in  other  wood-warbler 
species  (Staicer  1989;  Weary  et  al.  1994;  Byers  1995).  During  the  early 
part  of  the  breeding  season,  when  males  are  just  beginning  to  set  up 
territories  and  are  probably  unpaired,  aggression  may  be  more 
pronounced  resulting  in  frequent  use  of  normal  B  songs,  as  well  as 
muted  B  songs  in  response  to  potential  conspecific  intruders  singing  type 
A  songs.  In  this  study,  all  males  (N=12)  tested  with  type  A  song 
playback  during  the  earliest  part  of  the  breeding  season,  responded  with 
a  type  B  song.  This  suggests  a  possible  intrasexual  function  for  the  B 
song  in  the  Northern  Parula  as  has  been  suggested  for  other  parulinae 
species  (see  Kroodsma  1981).  However,  in  some  cases  males  may  be 
heard  singing  muted  A  and  B  songs  without  an  apparent  countersinging 
conspecific.  Morrison  &  Hardy  (1983)  suggest  that  "soft  songs"  (i.e. 
muted)  may  be  given  in  the  presence  of  females,  usually  while  following 
her  during  foraging  or  the  gathering  of  nest  material .  The  frequent  use 
of  muted  songs  during  aggressive  situations  may  be  that  individuals 
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experience  inhibition  or  conflict  with  the  tendency  to  sing  normally  or 
are  simply  exhibiting  indecisive  behavior  (Lein  1981). 
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Abstract.— Blair  (1954)  first  reported  that  the  melanistic  white-throated  woodrats 
{Neotoma  albigula)  were  mostly  restricted  to  the  dark  basaltic  formations  on  Black  Gap 
Wildlife  Management  Area  of  Trans-Pecos  Texas.  This  study  reports  on  a  series  comprised 
of  individuals  of  melanistic  and  of  typical  pelage  in  nearly  equal  proportions  on  the  limestone 
flats,  adjacent  to  lava  flows  which  failed  to  procure  any  specimens.  This  contrasts  to  Blair’s 
findings  of  melanistic  woodrats  largely  restricted  to  the  volcanic  sediments  of  the  region, 
where  he  found  the  species  most  common.  The  persistence  of  the  melanistic  condition  only 
in  the  vicinity  of  some  dark  basaltic  formations  of  the  southwestern  United  States  and  adja¬ 
cent  parts  of  Mexico  is  compelling  evidence  for  some  level  of  selection.  These  findings 
suggest  that  spatial  and  temporal  aspects  of  selection  and  stochastic  features  practically  ensure 
fluctuating  frequencies  of  occurrence  of  melanism  in  a  population,  and  of  interpopulational 
variation  of  the  incidence  of  this  color  morph. 


Reports  of  melanism  in  Neotoma  albigula  are  always  associated  with 
dark-hued  volcanic  formations  that  dot  the  southwestern  United  States 
and  northern  Mexico  (Hooper  1941;  Blair  1945),  even  though  not  all 
such  formations  support  melanistic  animals.  The  first  melanistic 
woodrats  reported  from  Texas  were  obtained  in  1951  by  field  parties 
from  the  University  of  Texas  while  conducting  studies  at  Black  Gap 
Wildlife  Management  Area  (BGWMA),  about  80  km  SSE  of  Marathon 
in  southern  Brewster  County  of  Trans-Pecos  Texas.  Their  findings  were 
first  reported  by  Tamsitt  (1954)  and  described  in  detail  by  Blair  (1954), 
but  this  interesting  pelage  feature  has  received  scant  notice  during  the 
intervening  four  decades. 

Blair’s  (1954)  description  of  melanism  in  the  white-throated  woodrat 
closely  parallels  that  of  Hooper’s  (1941)  account  of  melanistic  N. 
albigula  from  New  Mexico  and  contrasts  sharply  with  the  "typical"  local 
example  of  a  pale  tan  dorsum  and  sides,  a  white  venter  and  distinctly 
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bicolored  tail.  The  color  intensity  of  the  melanistic  pelage  varies 
individually  from  a  drab  gray  to  almost  charcoal  black  and  envelops  all 
but  two  white  patches  along  the  ventral  midline.  The  size  of  these 
markings,  discontinuous  and  asymmetrical  in  shape,  are  inguinal  and 
thoracic-jugular-gular  in  placement.  The  extent  of  development  of  these 
patches  appears  correlated  to  the  intensity  of  the  melanism  (darker 
animals  are  marked  by  smaller  ventral  patches  of  white).  The  tail  varies 
from  dark  and  indistinctly  bicolored  to  uniformly  black. 

Initially  unaware  of  earlier  reports  on  the  subject,  the  first  knowledge 
of  this  population  of  N.  albigula  began  with  the  chance  capture  of  a 
melanistic  woodrat  near  the  BGWMA  headquarters.  This  study  was 
undertaken  to  acquire  a  series  of  the  species  which  comprises  the  basis 
for  this  report.  The  findings  of  this  study  contrast  markedly  in  some 
respects  with  those  presented  by  Blair  (1954),  thereby  providing  some 
insight  into  the  local  ecology  of  the  species  and  the  adaptive  significance 
of  melanism  in  woodrats. 

Ecological  and  Historical  Background 

Regional  description.— B\?ick  Gap  Wildlife  Management  Area  is  a 
state-administered  region  of  more  than  40,000  ha  bordered  to  the 
southwest  by  Big  Bend  National  Park  and  to  the  southeast  by  the  Rio 
Grande.  The  rugged  landscape  is  dominated  by  pale  limestone  hills  and 
the  extrusive  formations  of  the  dark  volcanic  rock  for  which  the  region 
is  named.  Many  of  the  hills  are  basalt-capped  or  fringed  with  basaltic 
talus.  Soils  are  shallow,  and  the  limestone  bedrock  is  commonly  ex¬ 
posed.  Tamsitt  (1954)  and  Blair  (1954)  offered  brief  physical  descrip¬ 
tions  of  the  regional  topography  while  Aide  &  Van  Auken  (1985)  sum¬ 
marized  the  surface  geology  of  the  area  and  detailed  the  effects  of  slope 
orientation  and  geological  strata  on  local  vegetation. 

Annual  precipitation  usually  totals  20  cm  or  less,  resulting  in  a  desert 
scrub  flora  that  Tamsitt  (1954)  subdivided  into  seven  major  plant  asso¬ 
ciations.  The  white-throated  woodrat  was  reported  from  four  of  these: 
rocky  canyons  and  cliffs,  huisache/creosote  bush  {Acacia  vemicosal 
Larrea  tridentata),  yucca  {Yucca  spp.)  terrace  and  sotol/lechuguilla 
{Dasylirion  leiophy Hum! Agave  lechuguilla) .  The  latter  assemblage  was 
observed  by  Tamsitt  (1954:40)  to  occur  along  "the  lower  edges  of  lava 
talus  slopes  and  on  the  upper  slopes  of  the  limestone  hills."  It  is  within 
this  association,  in  the  immediate  vicinity  and  to  the  south  of  the 
BGWMA  headquarters  complex,  that  most  of  the  specimens  previously 
were  procured  (Blair  1954;  Tamsitt  1954). 
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Woodrat  distribution  and  melanism.— Th&  white-throated  woodrat  is 
usually  abundant  throughout  the  lower  rocky  terrain  of  the  northern 
Trans-Pecos  (Stangl  et  al.  1994  and  references  cited  therein).  Field 
investigations  during  this  study  and  those  of  others  indicate  that,  for 
reasons  which  are  not  clear,  the  species  becomes  increasingly  scarce  and 
sporadic  in  distribution  to  the  south  where  similar  conditions  seem  to 
exist  (Blair  1940;  Blair  &  Miller  1949;  Borell  &  Bryant  1942;  Schmidly 
1977;  Yancey  1997),  even  where  extensive  areas  of  seemingly  suitable 
conditions  exist.  Blair  (1954)  reported  the  species  on  BGWMA  to  be 
uncommon,  and  to  exist  in  small  and  discontinuous  populations.  He 
spent  five  weeks  of  "intensive"  trapping  and  excavation  of  nests  to 
procure  his  series  of  animals,  most  of  which  were  associated  with  dense 
stands  of  prickly  pear  cactus  {Opuntia  sp.)  in  the  sotol/lechuguilla 
association.  The  animals  were  found  to  be  most  abundant  on  the  lava; 
all  of  his  12  melanistic  specimens  were  captured  on  the  black  lava  in 
association  with  six  animals  of  typical  pelage.  Only  three  specimens 
were  taken  on  the  surrounding  limestone  substrate  (one  of  these  not 
saved  as  a  voucher),  and  each  was  of  typical  coloration. 

Present  Findings 

Study  site. — The  collection  locality  was  within  the  sotol/lechuguilla 
association,  approximately  2  km  NW  of  BGWMA  Headquarters  and  its 
adjacent  lava  flows,  and  within  perhaps  3  km  of  Blair’s  (1954)  site. 
Woodrat  captures  were  confined  to  a  small  area  of  perhaps  5  ha.  The 
level  to  gently  rolling  surface  included  shallow  limestone  soils  and 
exposed  bedrock,  bordered  for  about  50  m  to  the  east  by  a  basaltic  flow. 
Locally  predominant  plants  were  lechuguilla,  dense  thickets  of  a  shrubby 
(to  1.5  m  in  height)  Acacia  and  Thompson’s  yucca  {Yucca  rostrata). 
Unlike  Blair’s  (1945)  findings  at  his  nearby  site,  woodrats  at  this  locality 
demonstrated  no  particular  preference  for  the  few  and  scattered  stands 
of  prickly  pear  cactus  {Opuntia). 

Some  woodrat  sign  was  noted  in  igneous  formations  in  the  vicinity  of 
the  headquarters  complex,  where  trapping  proved  fruitless.  Elsewhere, 
evidence  for  woodrat  habitat  was  restricted  to  the  gentle  slopes  and 
shallow  gulleys  of  limestone  origin  cloaked  with  Acacia  as  described 
above.  The  bases  of  the  tall  yuccas,  and  the  fallen  trunks  of  these  plants 
were  preferred  sites  for  the  inconspicuous  nests.  Runways  originating 
from  nests  threaded  the  protective  brushy  cover,  scattered  cacti  and 
lechuguilla.  Active  runways  and  nest  sites  were  distinguished  by  the 
bright  green  fecal  pellets  of  a  lechuguilla  diet  that  closely  resembled 
aged  and  weathered  pellets,  rather  than  the  typically  dark-colored  fresh 
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Figure  1 .  Schematic  representation  of  ventral  view  of  melanistic  white-throated  woodrats 
{Neotoma  albigula;  from  left,  MWSU  20288-20291)  from  Black  Gap  Wildlife 
Management  Area,  Brewster  County,  Texas.  Individual  figures  are  arranged  by  pelage 
darkness  (increasingly  darker  from  left  to  right)  and  corresponding  extent  of  development 
of  thoracic-jugular-gular  and  inguinal  patches  of  white. 


pellets  which  were  observed  for  the  species  from  elsewhere  in  the 
species’  range. 

Trap  methods  and  results .—SnA^  traps  set  in  runways  or  near  den 
sites  proved  superior  to  Sherman  live  traps  in  obtaining  specimens  of  N, 
albigula  on  the  management  area.  Fifty  trapnights  over  a  48  h  period 
(13-14  March  1995)  produced  1 1  woodrats.  Five  of  these  animals  were 
melanistic  (MWSU  20287-20291;  a  juvenile,  a  scrotal  adult  male,  three 
lactating  adult  females)  and  six  were  of  the  locally  typical  pelage 
(MWSU  20292-20297;  a  juvenile,  three  scrotal  adult  males,  two  lactat¬ 
ing  females).  Ventral  variation  of  four  melanistic  specimens  (MWSU 
20288-20291)  is  given  in  Figure  1. 

Discussion  and  Conclusions 

Blair’s  (1954)  hypothesis  for  the  affiliation  of  melanism  and  dark 
basalt  of  BGWMA,  and  of  the  polymorphic  nature  of  this  pelage  feature 
(  =  mixed  populations  of  "typical"  and  melanistic  individuals)  is  three- 
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fold.  First,  the  mutation  responsible  for  melanism  occurs  as  independent 
events  across  the  range  of  the  species  (a  most  logical  explanation  for 
widely  disjunct  populations  of  seemingly  indistinguishable  melanistic 
individuals).  Second,  the  melanistic  pelage  confers  some  adaptive 
advantage  where  it  matches  a  comparably  dark  substrate.  The  persist¬ 
ence  of  the  melanistic  condition  only  in  the  vicinity  of  dark  basaltic 
formations  is  compelling  evidence  for  some  level  of  selection,  and 
selective  predation  is  the  most  likely  factor.  Third,  a  continual 
immigration  of  typical  individuals  from  the  surrounding  paler  substrates 
prevents  fixation  of  the  melanistic  phenotype  and  ensures  the  poly¬ 
morphic  nature  of  those  populations. 

Blair’s  (1954)  hypothesis  might  well  account  for  the  pelage  composi¬ 
tion  of  his  woodrat  population.  However,  his  is  a  simplified  explanation 
that  does  not  address  the  dynamics  of  the  system.  There  are  spatial  and 
temporal  aspects  of  selection  and  chance  events,  as  well  as  population 
genetic  considerations  that  can  explain  the  variance  of  this  current 
study’s  findings  from  those  of  Blair  (1954).  These  factors  ensure  a 
myriad  of  shifting  and  everchanging  scenarios  accounting  for  the  varied 
pelage  composition  of  populations  one  can  expect  to  find  from  place  to 
place  (even  between  neighboring  populations),  and  are  capable  of  alter¬ 
ing  the  frequency  of  occurrence  of  melanism  in  a  population  through 
time.  The  following  are  given  as  representative  of  only  a  few  possibili¬ 
ties.  ^ 

Selection  for  the  melanistic  color  phase  would  seem  dependent  on 
hunting  strategies  and  sensory  capabilities  of  the  prevalent  resident 
predators,  as  well  as  lighting  conditions.  Other  considerations  include 
other  aspects  of  the  biology  of  predator  species  (territorial  or  nomadic, 
residential  or  migrant,  seasonal  activity  patterns).  Sight  hunters  from 
among  the  mammalian  and  avian  ranks  probably  are  the  most  important 
selective  factors,  especially  for  conspicuously  colored  woodrats  travers¬ 
ing  open  terrain.  Remaining  within  the  dense  and  shaded  thickets 
locally  preferred  by  N.  albigula  probably  negates  any  advantage  of  one 
color  morph  over  the  other,  and  certainly  the  excavating  badger  or 
enemies  of  sinuous  build  like  the  ringtail  or  some  of  the  larger  (and 
heat-sensory  equipped)  species  of  rattlesnakes  likely  make  no  distinction 
between  color  morphs. 

The  same  small  size  and  partially  isolated  nature  of  BGWMA  popula¬ 
tions  of  today  that  may  have  facilitated  the  earlier  establishment  of  the 
melanism  mutation  renders  them  vulnerable  to  extirpation  or  decimation 
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by  natural  or  biologically  induced  catastrophes  with  little  or  no  regard 
for  pelage  coloration.  Flooding  or  the  effects  of  a  persistent  and 
effective  predator  such  as  the  badger  or  ringtail  might  be  localized  and 
a  zoonotic  episode  such  as  the  syl vatic  plague  may  devastate  large  areas. 
The  resulting  genetic  drift  and  any  immigration  pressures  would  instantly 
transform  the  pelage  composition  of  a  population. 
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REPRODUCTION  IN  THE  TIGER  RATTLESNAKE, 
CROTALUS  TIGRIS  (SERPENTES:  VIPERIDAE) 

Stephen  R.  Goldberg 

Department  of  Biology,  Whittier  College 
Whittier,  California  90608 

Abstract.— Reproductive  tissue  was  examined  from  82  museum  specimens  of  Crotalus 
tigris  from  Arizona  and  the  Mexican  state  of  Sonora.  Males  appear  to  follow  a  seasonal 
reproductive  cycle  in  which  spermiogenesis  occurs  June-October.  Sperm  is  present  in  the 
vasa  deferentia  May-October.  The  smallest  spermiogenic  male  measured  512  mm  Snout- 
Vent  Length,  SVL.  Females  appear  to  have  a  biennial  reproductive  cycle;  enlarged  ovarian 
follicles  were  found  August-No vember.  Ovulation  presumably  occurs  the  following  spring. 
This  pattern  of  biennial  female  reproduction  occurs  in  other  North  American  rattlesnakes. 
Mean  clutch  size  for  13  females  was  4.2  ±  0.90  SD  (range  3-6).  The  smallest  female  (SVL 
=  541  mm)  with  enlarged  ovarian  follicles  is  apparently  a  new  minimum  size  for  female 
reproductive  activity  for  this  species. 


The  tiger  rattlesnake,  Crotalus  tigris  occurs  from  central  and  southern 
Arizona  to  southern  Sonora,  Mexico  (Stebbins  1985).  Except  for  a  few 
anecdotal  reports  (Stebbins  1954;  Klauber  1972;  Lowe  et  al.  1986), 
practically  nothing  is  known  about  reproduction  in  this  species  (Ernst 
1992).  The  purpose  of  this  paper  is  to  provide  information  on  the  sea¬ 
sonal  ovarian  and  testicular  cycles  of  C.  tigris  and  to  report  additional 
clutch  sizes. 


Materials  and  Methods 

A  sample  of  82  specimens  of  Crotalus  tigris  (26  females)  Mean 
Snout-Vent  Length,  SVL  =  578  mm  ±  42  SD,  range  519-667  mm;  (56 
males)  Mean  SVL  =  649  mm  +  67  SD,  range  512-805  mm  from 
Arizona  and  Sonora,  Mexico  was  examined  from  the  herpetology 
collections  of  the  Natural  History  Museum  of  Los  Angeles  County, 
Arizona  State  University,  Tempe  and  The  University  of  Arizona, 
Tucson.  Snakes  were  collected  from  1944-1998.  Counts  were  made  of 
enlarged  follicles  (  >  6  mm  length).  The  left  testis,  vas  deferens  and 
part  of  the  left  kidney  were  removed  from  males;  the  left  ovary  was 
removed  from  females  for  histological  examination.  Tissues  were  em¬ 
bedded  in  paraffin  and  cut  into  sections  at  5  ju,m.  Slides  were  stained 
with  Harris’  hematoxylin  followed  by  eosin  counterstain.  Testes  slides 
were  examined  to  determine  the  stage  of  the  male  cycle;  ovary  slides 
were  examined  for  the  presence  of  yolk  deposition.  Vasa  deferentia 
were  examined  for  sperm.  Slides  of  kidney  sexual  segments  were 
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examined  for  secretory  activity.  Because  some  of  the  specimens  were 
road-kills  not  all  tissues  were  available  for  histological  examination  due 
to  damage  or  autolysis.  In  road-killed  males,  the  kidneys  typically 
underwent  autolysis  before  the  reproductive  organs.  Number  of  speci¬ 
mens  examined  by  reproductive  tissue  were  testis  =  56,  vas  deferens  = 
38,  kidney  =  36,  ovary  =  26. 

Material  examined. — The  following  specimens  of  Crotalus  tigris  were 
examined  from  the  herpetology  collections  of  Arizona  State  University, 
Tempe  (ASU),  the  Natural  History  Museum  of  Los  Angeles  County 
(LACM),  and  The  University  of  Arizona,  Tucson  (UAZ). 

ARIZONA:  MARICOPA  COUNTY,  4  specimens  (ASU  5037,  22272, 
22861,  UAZ  35820);  PIMA  COUNTY,  46  specimens  (LACM  74091, 
107280,  116048,  134047,  144360,  UAZ  27800,  27804,  27806,  27808,  27810, 
27812-27813,  27815-27817,  27819-27822,  27824,  27827,  27831-27834, 
27839,  36520,  41280-41284,  41928,  41931-41932,  41934,  41939-41941, 
41943,  41945,  41948,  41951,  43288,  49022,  50585);  PINAL  COUNTY,  2 
specimens  (ASU  2358,  UAZ  27828);  SANTA  CRUZ  COUNTY,  1  speci¬ 
men  (LACM  20021);  YAVAPAI  COUNTY,  1  specimen  (UAZ  39771). 

MEXICO:  SONORA,  28  specimens  (ASU  3652,  6690,  6693,  6737, 
LACM  7228,25178,50810,  105105,  105107-105110,  127775,  136980,  UAZ 
9324,  27842,  27844-27845,  27847-27850,  37675,  40084,  45130,  45665, 
45746,  45909). 


Results  and  Discussion 

Testicular  histology  was  similar  to  that  reported  by  Goldberg  & 
Parker  (1975)  for  two  colubrid  snakes,  Masticophis  taeniatus  and 
Pituophis  catenifer  (=  P.  melanoleucus).  In  the  regressed  testes, 
seminiferous  tubules  contained  spermatogonia  and  Sertoli  cells.  In 
recrudescence,  there  was  renewal  of  spermatogenic  cells  characterized 
by  spermatogonial  divisions;  primary  and  secondary  spermatocytes  and 
spermatids  were  occasionally  present.  In  spermiogenesis,  metamorphos¬ 
ing  spermatids  and  mature  sperm  were  present.  Males  undergoing  sper¬ 
miogenesis  were  found  June-October;  regressed  testes  were  found  May- 
July  and  October.  Testes  in  recrudescence  were  found  May-August. 
The  smallest  spermiogenic  male  measured  512  mm  SVL.  This  was  the 
smallest  male  included  in  the  study.  Sperm  were  present  in  the  vasa 
deferentia  of  all  males  examined  indicating  C.  tigris  has  the  potential  of 
breeding  May-October.  Because  26/31  (84%)  late  summer-autumn 
males  were  undergoing  spermiogenesis  and  6/1 1  (55%)  spring  males  had 
regressed  testes  (Table  1),  the  C.  tigris  testicular  cycle  appeared  to  fit 
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Table  1 .  Monthly  distribution  of  conditions  in  seasonal  testicular  cycle  of  Crotalus  tigris. 
Values  shown  are  the  numbers  of  males  exhibiting  each  of  the  three  conditions. 


Month 

N 

Regressed 

Recrudescence 

Spermiogenesis 

May 

7 

5 

2 

0 

June 

4 

1 

2 

1 

July 

14 

2 

5 

7 

August 

24 

0 

4 

20 

September 

5 

0 

0 

5 

October 

2 

1 

0 

1 

the  postnuptial  breeding  pattern  (Saint  Girons  1982;  Seigel  &  Ford 
1987)  with  maximum  spermatogenic  activity  occurring  in  late  summer 
and  fall  and  mating  taking  place  the  following  spring  using  sperm  stored 
overwinter  in  the  vasa  deferentia.  However,  according  to  M.  J.  Goode 
(pers.  comm.),  C  tigris  copulates  in  the  field  from  mid  July  to  mid- 
September;  no  spring  copulations  were  observed.  Adult  males  and  fe¬ 
males  have  been  found  together  in  southern  Arizona  in  May  and  August 
(Lowe  et  al.  1986). 

The  testicular  cycle  of  C.  tigris  appeared  similar  to  that  of  Crotalus 
viridis  in  which  recrudescence  occurred  in  May  and  spermiogenesis 
commenced  in  June  and  continued  into  October  (Aldridge  1979a)  and 
that  of  Crotalus  scutulatus  in  which  spermiogenesis  occurred  in  July- 
August  and  Crotalus  atrox  in  which  spermiogenesis  occurred  August- 
September  (Jacob  et  al.  1987). 

Kidney  sexual  segments  were  enlarged  and  contained  secretory 
granules  in  18/22  (82%)  of  males  undergoing  spermiogenesis;  7/8  (88%) 
of  males  with  recrudescent  testes  and  6/6  (100%)  of  males  with 
regressed  testes.  Mating  coincides  with  hypertrophy  of  the  kidney 
sexual  segment  (Saint  Girons  1982). 

Females  with  enlarged  follicles  were  found  August-November  (Table 
2).  Stebbins  (1954)  reported  that  two  C.  tigris  collected  in  October 
contained  eggs  (i.e.  enlarged  follicles).  The  smallest  reproductively- 
active  female  (follicles  >  6  mm  length)  measured  541  mm  SVL.  This 
female  which  contained  6  enlarged  follicles  apparently  represents  the 
smallest  reproductively-active  female  C.  tigris.  Klauber  (1972)  pre¬ 
viously  reported  a  SVL  of  616  mm  for  the  smallest  gravid  C  tigris. 
Females  smaller  than  500  mm  SVL  were  excluded  from  the  study  to 
avoid  bias  from  including  immature  females  in  analysis  of  the  ovarian 
cycle. 
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Table  2.  Monthly  distribution  of  conditions  in  seasonal  ovarian  cycle  of  Crotalus  tigris. 
Values  shown  are  the  numbers  of  females  exhibiting  each  of  the  two  conditions. 


Month  N  Inactive  Enlarged  follicles 

( >  6  mm  length) 


May 

1 

1 

0 

June 

3 

3 

0 

July 

4 

4 

0 

August 

10 

6 

4 

September 

4 

2 

2 

October 

2 

1 

1 

November 

2 

0 

2 

There  were  no  females  with  ovulated  follicles  (oviductal  eggs)  in  the 
sample  examined.  Reproductively  active  females  contained  enlarging 
follicles  ( >  6  mm  length)  which  would  presumably  have  ovulated  the 
following  year.  These  had  started  vitellogenesis  (i.e.,  secondary  vitello¬ 
genesis  sensu  Aldridge  1979b)  as  yolk  granules  were  accumulating  on 
the  inner  periphery  of  the  enlarging  follicles.  Mean  clutch  size  for  13 
females  (Table  3)  was  4.2  ±  0.90  SD  (3-6  range).  This  value  included 
two  clutches  from  Klauber  (1972),  one  brood  of  aborted  young 
(collected  2  July,  aborted  3  July)  from  M.  J.  Goode  (pers.  comm.)  and 
one  brood  of  captive  born  young  (collected  14  June,  gave  birth  30  June- 
1  July)  from  P.  C.  Rosen  (pers.  comm.).  Because  nine  clutches  came 
from  counts  of  enlarged  follicles  which  presumably  would  have  been 
ovulated  the  following  summer,  the  mean  clutch  value  may  be  slightly 
higher  than  what  actually  occurs  as  some  of  the  follicles  may  have 
undergone  atresia  and  not  been  ovulated.  This  mean  clutch  value  puts 
C.  tigris  well  below  the  average  8  to  10  per  brood  reported  for  "our 
commonest"  rattlesnakes  of  the  United  States  by  Klauber  (1972). 

The  biennial  ovarian  cycle  exhibited  by  C.  tigris,  in  which  yolk 
deposition  (secondary  vitellogenesis,  sensu  Aldridge,  1979b)  commences 
in  summer  followed  by  ovulation  the  next  year,  is  similar  to  that 
reported  by  Rahn  (1942)  for  C.  viridis  in  Wyoming  and  C.  atrox  from 
Texas  by  Tinkle  (1962).  However,  Fitch  &  Pisani  (1993)  concluded  C. 
atrox  females  in  Oklahoma  bear  litters  each  year  as  do  southern 
populations  of  C.  viridis  (cf.  Fitch  1985).  Thus,  there  can  be  variation 
in  the  female  cycle  between  different  populations  of  the  same  species 
with  some  populations  following  a  biennial,  triennial  or  quadrennial 
reproductive  cycle  as  may  occur  for  Crotalus  horridus  or  annual  and 
biennial  cycle  as  may  occur  in  Sistrurus  catenatus  (cf.  Ernst  1992). 
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Table  3.  Clutch  sizes  for  Crotalus  tigris  from  Arizona  and  Sonora,  Mexico. 


Date 

SVL 

(mm) 

Clutch 

size 

Locality 

Source 

30  June-l  July 

646 

5 

Pima  Co. 

Rosen  pers.  com. 

3  July 

647 

3 

Pima  Co. 

Goode  pers.  com. 

5  August 

620 

4 

Sonora,  MX 

LACM  105109 

12  August 

541 

6 

Pima  Co. 

UAZ  41281 

17  August 

543 

3 

Pima  Co. 

UAZ  27804 

29  August 

583 

5 

Pima  Co. 

UAZ  43288 

1  September 

570 

4 

Pima  Co. 

UAZ  41928 

22  September 

612 

4 

Pima  Co. 

UAZ  27824 

18  October 

643 

3 

Sonora,  MX 

UAZ  45665 

1  November 

623 

4 

Pima  Co. 

UAZ  41945 

5  November 

625 

4 

Pinal  Co. 

ASU  2358 

4 

Klauber  1972 

5 

Klauber  1972 

Additional  investigations  will  be  needed  before  the  timing  of  the  female 
reproductive  cycle  in  North  American  rattlesnakes  can  be  confidently 
ascertained. 

Only  9/26  (35%)  of  female  C.  tigris  showed  evidence  of  reproductive 
activity  (vitellogenic  follicles).  This  appears  consistent  with  Seigel  & 
Ford  (1987)  who  found  that  percentage  of  breeding  females  in  a  given 
year  varied  between  7  and  70%  in  the  85  snake  species  they  surveyed. 

While  examination  of  preserved  museum  specimens  gives  useful 
information  on  reproductive  biology,  subsequent  field  observations  are 
necessary  before  the  reproductive  cycle  of  C.  tigris  is  fully  known. 

Conclusions 

Crotalus  tigris  males  appear  to  follow  a  seasonal  reproductive  cycle 
in  which  spermiogenesis  occurs  June-October.  Sperm  is  stored  in  the 
vasa  deferentia  May- October.  Females  appear  to  follow  a  biennial 
reproductive  cycle  with  enlarged  ovarian  follicles  found  August- 
November;  ovulation  presumably  occurs  the  next  spring.  This  biennial 
reproductive  pattern  of  initiating  yolk  deposition  in  summer  with 
ovulation  occurring  the  following  year  occurs  in  other  North  American 
rattlesnakes.  Mean  clutch  size  for  13  females  was  4.2  +  0.90  SD 
(range  3-6).  The  smallest  female  with  enlarged  follicles  (SVL  =  541) 
is  apparently  a  new  minimum  size  record  for  C.  tigris  female 
reproductive  activity. 
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THERMAL  BIOLOGY  OF 

THE  PARTHENOGENETIC  WHIPTAIL  LIZARDS  OF 
THE  CNEMIDOPHORUS  LAREDOENSIS  COMPLEX 
(SAURIA:TEIIDAE)  IN  SOUTHERN  TEXAS 

Mark  A.  Paulissen 

Department  of  Biological  and  Environmental  Sciences 
McNeese  State  University 
Lake  Charles,  Louisiana  70609 

Abstract.— The  Cnemidophorus  laredoensis  complex  consists  of  two  all-female  species, 
provisionally  LAR-A  and  LAR-B,  that  reproduce  parthenogenetically.  The  thermal  biology  of 
LAR-A  and  LAR-B  was  studied  in  Bentsen-Rio  Grande  Valley  State  Park  in  Hidalgo  County, 
Texas.  The  mean  body  temperature  of  LAR-A,  LAR-B,  and  the  bisexual  species  C.  gularis 
were  all  about  39.6°C.  Detailed  comparison  of  LAR-A  with  LAR-B  showed  mean  body 
temperatures  were  nearly  identical  in  each  of  the  three  seasons  studied.  However,  LAR-A 
body  temperatures  were  significantly  higher  during  Summer  (June-July)  1996  than  during 
Spring  (May-June)  1996,  and  LAR-A  body  temperatures  were  significantly  lower  in  May  1997 
than  in  May  1996.  These  differences  correspond  to  seasonal  differences  in  environmental 
temperatures.  LAR-B  body  temperatures  followed  the  same  seasonal  trends  but  were  not 
statistically  different,  probably  because  of  small  sample  size.  LAR-A  body  temperatures  were 
lower  in  the  early  morning  hours  than  later  in  the  day;  after  noon,  LAR-A  body  temperatures 
remained  fairly  stable  despite  progressively  increasing  environmental  temperatures. 
- 

The  lizards  of  the  genus  Cnemidophorus  (Teiidae),  commonly  known 
as  whiptails,  are  fast-moving,  ground-dwelling  species.  Eleven  named 
species  occur  in  Texas,  including  six  that  are  all-female  and  reproduce 
by  obligate  parthenogenesis  (Dixon  1987).  The  Cnemidophorus  laredo¬ 
ensis  complex  consists  of  two  parthenogenetic  species,  provisionally 
designated  LAR-A  and  LAR-B  following  Walker  (1986).  LAR-A  is  the 
species  originally  described  by  McKinney  et  al.  (1973)  as  Cnemi¬ 
dophorus  laredoensis  and  is  commonly  known  as  the  Laredo  Striped 
Whiptail.  LAR-B  was  discovered  in  1984  (Walker  1987a)  and  has  not 
been  given  a  Linnean  name;  see  Wright  (1993)  for  a  discussion  of  the 
nomenclatural  issues.  The  two  parthenogens  are  easily  distinguished  in 
the  field  by  the  width  and  color  of  the  vertebral  stripe;  thin  and 
yellow-green  in  LAR-A,  thick  or  double  and  dull  tan  in  LAR-B  (Walker 
1987a).  The  C  laredoensis  complex  occurs  only  in  the  counties 
bordering  the  Rio  Grande  from  Del  Rio  to  near  Brownsville,  adjacent 
areas  in  northern  Mexico,  and  a  few  areas  away  from  the  Rio  Grande 
in  Webb,  Dimmit  and  LaSalle  counties  (Walker  1987a;  1987b;  Walker 
et  al.  1990).  Although  the  distributions  of  LAR-A  and  LAR-B  are  largely 
complementary,  the  two  species  co-occur  at  many  sites  in  southern  Starr 
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and  Hidalgo  counties  (Walker  1987a).  Both  LAR-A  and  LAR-B  are  small 
(SVL  65-75  mm)  and  spend  most  of  their  daytime  activity  period 
foraging  over  a  wide  area  searching  for  arthropod  prey,  especially 
termites  (Paulissen  et  al.  1988).  At  night  and  during  inclement  weather, 
they  retreat  to  burrows  which  they  dig  in  sandy  or  loamy  soil  (Walker 
et  al.  1986). 

Much  has  been  learned  about  the  ecology  and  behavior  of  these  two 
parthenogenetic  species  in  the  past  10  years  (Walker  1987a;  1987b; 
1987c;  Paulissen  et  al.  1988;  Parker  et  al.  1989;  Paulissen  et  al.  1992; 
Paulissen  1994;  1995a;  1995b;  Walker  et  al.  1996;  Paulissen  1997). 
One  area  that  has  received  little  attention  is  thermal  biology.  Paulissen 
et  al,  (1989)  presented  data  on  body  temperatures  of  lizards  captured  in 
the  field,  but  their  data  were  from  lizards  captured  at  several  different 
sites  over  three  months  pooled  together  for  analysis.  Few  records  were 
for  adults  (e.g.  there  were  only  5  records  for  adult  LAR-A).  Further¬ 
more,  the  only  environmental  temperature  data  collected  were  open 
ground,  shaded  ground,  and  shaded  air  temperatures  measured  every  15 
minutes  during  the  periods  when  lizards  were  active  at  one  of  the  sites 
from  which  body  temperature  data  were  obtained.  It  was  therefore  not 
possible  to  look  for  correlations  between  lizard  body  temperature  and 
environmental  temperature,  nor  was  it  possible  to  determine  to  what 
extent  changing  environmental  temperatures  during  different  times  of 
day,  different  times  of  year,  or  different  years  affected  lizard  body 
temperature;  Paulissen  et  al.  (1989)  did  note  that  lizard  body  tempera¬ 
tures  were  lower  in  October  than  in  August.  Thus  the  1989  report  gives 
an  incomplete  picture  of  the  thermal  biology  of  LAR-A  and  LAR-B. 

A  long-term  field  project  on  the  biology  of  whiptail  lizards  in 
Bentsen-Rio  Grande  Valley  State  Park  near  Mission  has  been  underway 
since  1992.  Both  LAR-A  and  LAR-B  are  abundant  along  the  hiking  trails 
in  the  Park  and  the  bisexual  species  Cnemidophorus  gularis  (the  species 
that  hybridized  with  C  sexlineatus  to  produce  the  original  individuals  of 
LAR-A  and  LAR-B  [Abuhteba  1990]),  has  been  present  in  the  Park  since 
1992  (Paulissen  1994).  A  few  triploid  C.  gularis  x  LAR-A  hybrids  have 
been  found  in  the  Park  each  year  since  1994  (Paulissen  1995b).  In  1996 
and  1997,  lizard  body  temperatures  and  environmental  temperatures  near 
the  point  of  lizard  capture  were  regularly  measured.  This  report  uses 
these  data  to  compare  the  body  temperatures  of  adult  LAR-A  to  those  of 
adult  LAR-B  and  to  examine  how  lizard  body  temperatures  varied  with 
time  of  day,  time  of  year  and  between  years. 
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Methods  and  Materials 

This  study  was  conducted  along  a  1.8  km  dirt  hiking  trail  that  ran 
through  a  tract  of  relict,  subtropical,  mesquite-hackberry  forest  bordered 
by  cultivated  fields  and  an  overgrown  marshy  area.  The  forest  canopy 
was  complete  over  only  a  few  short  sections  of  the  trail  so  that  most  of 
the  trail  was  at  least  partly  unshaded.  This  produced  a  complex  mosaic 
of  sunny  and  shady  patches  on  the  ground  through  which  lizards  moved. 
Lizards  were  captured  live  by  noosing  and  lizard  body  temperature  was 
measured  by  inserting  the  bulb  of  a  Miller-Weber  quick  reading  ther¬ 
mometer  5  mm  into  the  lizard’s  cloaca.  Only  body  temperatures 
measured  within  10  seconds  of  capture  were  used.  After  the  lizard  was 
measured,  weighed,  toe-clipped  and  released,  the  following  environ¬ 
mental  temperatures  were  measured:  (1)  substrate  temperature  at  the 
point  nearest  the  point  of  capture  that  was  in  open  sun  (this  was  the 
point  of  capture  itself  if  that  point  was  in  open  sun);  (2)  substrate 
temperature  at  the  point  nearest  the  point  of  capture  that  was  fully 
shaded  (this  was  the  point  of  capture  if  that  point  was  in  full  shade);  and 
(3)  shaded  air  temperature  1.5  m  above  the  point  of  capture.  Time  of 
day  and  notes  on  general  weather  conditions  were  also  recorded.  Data 
were  obtained  from  all  parts  of  the  lizards’  daily  activity  cycle  (roughly 
0830  to  1800  CDT). 

Data  were  collected  during  three  different  seasons  spread  over  two 
years:  Spring  of  1996  (from  13  May  to  6  June  1996);  Summer  of  1996 
(from  28  June  to  6  July  1996);  and  May  of  1997  (from  18  May  to  27 
May  1997).  The  weather  differed  dramatically  between  the  two  years; 
1996  was  the  last  and  worst  year  of  a  three  year  drought  that  struck 
southern  Texas;  1997  was  cooler  with  normal  rainfall  (see  Results). 
Statistical  comparisons  of  (1)  LAR-A  versus  LAR-B;  (2)  Spring  1996 
versus  Summer  1996  for  each  species;  and  (3)  May  1996  (i.e..  Spring 
1996  without  the  June  records)  versus  May  1997  for  each  species  were 
made  using  r-tests.  Analysis  of  variance  using  the  hour  of  day  as  the 
independent  variable  was  used  to  determine  if  time  of  day  affected  body 
temperature  of  LAR-A  in  Spring  1996  (too  few  records  were  available 
to  perform  this  analysis  for  other  seasons).  Finally  a  series  of  linear 
regressions  of  LAR-A  body  temperature  on  each  of  the  three  environ¬ 
mental  temperatures  was  conducted  for  each  of  the  three  seasons  to  see 
if  lizard  body  temperature  was  associated  with  environmental  tempera¬ 
ture.  Too  few  records  of  LAR-B  were  available  to  perform  this  analysis 
on  this  species. 
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Table  1.  Body  temperatures  and  environmental  temperatures  for  the  two  species  of  the 
parthenogenetic  Cnemidophorus  laredoensis  complex,  LAR-A  and  LAR-B,  the  bisexual 
species  C.  gularis,  and  C.  gularis  x  LAR-A  Hybrids  in  Bentsen-Rio  Grande  Valley  State 
Park.  Data  from  all  three  seasons  pooled.  All  values  are  mean  ±  ISD  in  degrees 
Celsius,  ranges  are  given  in  parentheses,  N  is  the  sample  size.  Statistical  tests  showed 
no  significant  differences  among  any  of  these  species  {ANOVAs,  all  P  >  >  0.05). 


LAR-A 

LAR-B 

C.  gularis 

Hybrids 

Body  Temperature  39.6  +  2.25 
(27.5  -  43.0) 

N  =  199 

39.5  +  2.50 
(32.0  -  42.9) 

N  =  59 

39.7  +  1.59 
(36.5  -  41.4) 

A  =  18 

38.9  +  1.66 
(36.1  -  40.4) 
A  =  6 

Substrate  Temperature 
in  Open  Sun  43.4  +  5.40 

(28.0  -  54.0) 

N  =  354 

42.5  +  6.32 
(31.0-51.0) 

A  =  84 

43.0  +  5.91 
(33.0  -  50.5) 

N  =  29 

42.7  -f  5.60 
(34.5  -  49.0) 
A  =  7 

Substrate  Temperature 
in  Shade  36.4  +  3.21 

(28.0  -  46.0) 

N  =  356 

35.8  +  3.46 
(29.0  -  43.5) 

A  =  85 

36.5  +  3.12 
(30.5  -  42.5) 

A  =  30 

36.4  +  3.72 
(31.0-43.0) 
A  =  7 

Shaded  Air 
Temperature 

34.0  +  2.75 
(26.5  -  39.0) 

N  =  278 

33.5  -f-  2.87 
(28.0  -  39.0) 

A  =  62 

33.9  +  2.85 
(29.5  -  38.5) 

A  =  21 

33.0  +  3.74 
(29.5  -  37.5) 
A  =  5 

Results 

Comparison  of  species.— Tht  mean  body  temperature  of  LAR-A  and 
LAR-B  are  nearly  identical  to  each  other  and  to  the  mean  body  tempera¬ 
tures  of  C  gularis  and  C.  gularis  x  LAR-A  hybrids  (Table  1;  data  from 
all  seasons  pooled).  The  range  of  body  temperatures  is  also  similar, 
although  there  were  a  few  LAR-A  records  below  30  °C  but  none  below 
32 °C  for  LAR-B.  This  may  be  an  artifact  of  sample  size;  there  were 
over  three  times  as  many  records  for  LAR-A.  The  mean  environmental 
temperatures  were  slightly  higher  for  LAR-A  than  for  LAR-B,  but  none 
of  the  differences  were  statistically  significant  (r-tests;  all  P’s  >  0.05). 

Comparison  of  LAR-A  to  LAR-B  on  a  season-by-season  basis  again 
showed  the  two  species  were  nearly  identical.  For  example,  the  mean 
body  temperature  for  both  LAR-A  and  LAR-B  in  Spring  1996  was 
39.6°C;  and  the  mean  body  temperature  for  both  species  in  Summer 
1996  was  40.3 °C  (Table  2).  The  mean  body  temperature  of  LAR-A  in 
May  1997  was  38.5 °C,  whereas  the  corresponding  value  for  LAR-B  was 
38.4°C  (Table  3).  The  environmental  temperature  data  presented  in 
Tables  2  and  3  show  LAR-A  and  LAR-B  were  captured  at  points  with 
nearly  the  same  environmental  temperatures.  A  series  of  f- tests  showed 
no  significant  difference  between  LAR-A  and  LAR-B  for  any  variable  in 
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Table  2.  Comparison  of  LAR-A  body  temperature  and  environmental  temperatures  and 
LAR-B  body  temperature  and  environmental  temperatures  for  Spring  1996  versus 
Summer  1996  (see  text  for  exact  dates  of  seasons).  All  values  are  means  ±  ISD  in 
degrees  Celsius;  sample  sizes  are  given  in  parentheses.  An  asterisk  indicates  a  r-test 
showed  a  significant  difference  (P  <  0.05)  between  the  Spring  1996  and  Summer  1996 
mean  for  that  species,  ns  indicates  no  significant  difference.  All  Mests  comparing  LAR-A 
to  LAR-B  within  seasons  showed  no  significant  differences  (see  text). 


LAR-A 

LAR-B 

Spring  1996 

Summer  1996 

Spring  1996 

Summer  1996 

Body  Temperature 

39.6  +  2.31 
(93) 

* 

40.3  +  1.59 
(61) 

39.6  +  2.08 
(34) 

ns 

40.3  -f  2.51 
(12) 

Substrate  Temp, 
in  Open  Sun 

43.1  +  5.23 
(167) 

* 

44.8  +  5.28 
(139) 

42.2  +  6.25 
(50) 

ns 

44.8  +  6.44 
(21) 

Substrate  Temp, 
in  Shade 

36.0  -f  2.97 
(170) 

* 

37.9  +  2.95 
(139) 

35.7  +  3.42 
(51) 

ns 

37.2  +  3.53 
(21) 

Shaded  Air 
Temperature 

34.2  +  2.60 
(93) 

ns 

34.8  +  2.50 
(139) 

33.8  +  2.76 
(28) 

ns 

34.1  -H  2.92 
(21) 

Table  3.  Comparison  of  LAR-A  body  temperature  and  environmental  temperatures  and 
LAR-B  body  temperature  and  environmental  temperatures  for  May  1996  versus  May 
1997.  All  values  are  means  ±  ISD  in  degrees  Celsius;  sample  sizes  are  given  in 
parentheses.  An  asterisk  indicates  a  r-test  showed  a  significant  difference  (P  <  0.05) 
between  the  May  1996  and  May  1997  mean  for  that  species,  ns  indicates  no  significant 
difference.  All  r-tests  comparing  LAR-A  to  LAR-B  within  seasons  showed  no  significant 
differences  (see  text). 


LAR-A  LAR-B 


May  1996 

May  1997 

May  1996 

May  1997 

Body  Temperature  39.5  +  2.50 
(67) 

ns‘ 

38.5  +  2.56 
(45) 

39.6  -f  2.08 
(25) 

ns 

38.4  +  3.28 
(13) 

Substrate  Temp, 
in  Open  Sun 

42.4  +  5.09 
(110) 

* 

39.2  -H  4.18 
(48) 

42.4  -h  6.30 
(35) 

ns 

40.3  -f  5.76 
(13) 

Substrate  Temp, 
in  Shade 

35.4  -f  2.61 
(113) 

* 

33.8  -f  2.56 
(47) 

35.3  +  3.52 
(36) 

ns 

33.7  +  2.74 
(13) 

Shaded  Air 
Temperature 

33.5  -f  2.52 
(36) 

* 

31.4  -h  2.15 
(46) 

33.5  -f  2.67 
(13) 

ns 

31.6  +  2.35 
(13) 

’  The  P  value  for  this  Mest  was  0.055,  marginally  non-significant. 


any  season.  These  results  indicate  that  the  thermal  biology  of  the  two 
parthenogens  is  nearly  identical. 
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Comparisons  among  seasons  and  between  years. — The  mean  body 
temperature  of  LAR-A  was  slightly  but  significantly  higher  in  Summer 
1996  than  in  Spring  1996  (Table  2).  This  difference  was  probably 
because  environmental  temperatures  were  significantly  warmer  in 
Summer  1996.  For  example,  the  mean  substrate  temperature  in  open 
sun  was  1.7°C  higher,  and  the  mean  substrate  temperature  in  shade  was 
1.9°C  higher  in  Summer  1996  than  in  Spring  1996  (Table  2). 

The  mean  body  temperature  of  LAR-A  was  1.0°C  lower  in  May  1997 
than  in  May  1996;  this  difference  narrowly  failed  to  reach  statistical 
significance  {P  =  0.055;  Table  3).  This  difference  was  probably 
because  May  1997  was  cooler  than  May  1996;  all  three  measures  of 
environmental  temperatures  were  significantly  lower  in  May  1997  (Table 
3).  The  environmental  temperature  differences  are  especially  striking 
for  substrate  temperature  in  open  sun  and  shaded  air  temperature;  for 
both  measures,  the  mean  value  in  May  1997  was  over  2.0°C  lower  than 
in  May  1996  (Table  3). 

The  data  for  LAR-B  show  the  same  trends  as  for  LAR-A,  i.e.,  mean 
body  temperatures  and  environmental  temperatures  were  higher  in 
Summer  1996  than  in  Spring  1996  and  lower  in  May  1997  than  in  May 
1996  (Tables  2  and  3).  However,  none  of  the  differences  were  statisti¬ 
cally  significant,  possibly  because  of  the  much  smaller  sample  size  for 
LAR-B  (e.g.,  there  were  only  12  records  of  body  temperature  for  Sum¬ 
mer  1996,  only  13  records  of  body  temperature  for  May  1997;  Tables 
2  and  3).  Given  that  the  trends  reported  for  LAR-B  are  the  same  as 
those  for  LAR-A  and  that  the  overall  thermal  biology  of  the  two  forms 
is  nearly  identical,  it  seems  likely  that  the  seasonal  differences  found  for 
LAR-B  would  have  been  statistically  significant  if  a  larger  sample  size 
had  been  obtained. 

Time  of  day  and  body  temperature  in  LAR-A. —Using  data  from  Spring 
1996  (the  season  for  which  the  most  records  are  available),  ANOVA  plus 
Tukey’s  post  hoc  tests  of  body  temperatures  shows  LAR-A  were  signifi¬ 
cantly  cooler  during  the  0900-1000  and  1000-1100  hours  than  they  were 
during  any  hour  after  1200.  After  1100,  LAR-A  body  temperature  did 
not  vary  significantly  throughout  the  rest  of  the  activity  period  (Figure 
1).  These  body  temperature  changes  parallel  changes  in  substrate  and 
air  temperature  as  the  day  progressed  (Figure  1).  However,  LAR-A 
body  temperatures  remained  between  40.5  °C  and  40.8°C  on  average 
from  1200  to  1700  despite  steadily  climbing  environmental  temperatures 


PAULISSEN 


43 


Figure  1.  Mean  body  temperature  (solid  line),  substrate  temperature  in  open  sun  (upper 
dotted  line),  and  shaded  air  temperature  (lower  dotted  line)  for  each  hour  of  the  day 
(CDT)  for  the  parthenogenetic  lizard  LAR-A  caught  Spring  1996.  ANOVA  plus  Tukey’s 
post  hoc  tests  show  LAR-A  body  temperatures  were  significantly  lower  during  the 
0900-1000  and  1000-1 100  hours  than  at  any  hour  after  1200;  no  other  hourly  differences 
were  statistically  significant. 


during  these  hours.  Lizards  were  observed  to  generally  spend  most  of 
their  time  in  the  shade  of  vegetation  during  the  afternoon,  presumably 
this  kept  their  body  temperatures  from  rising  excessively. 

Linear  regressions  of  LAR-A  body  temperature  on  environmental 
temperatures .—SincQ  lizard  body  temperatures  and  environmental 
temperatures  varied  so  much  between  seasons  and  years,  linear  regres¬ 
sions  of  LAR-A  body  temperature  on  environmental  temperatures  were 
performed  separately  for  Spring  1996,  Summer  1996  and  May  1997. 
All  regressions  were  statistically  significant  with  values  ranging  from 
0.291  to  0.610  (Table  4).  The  Spring  1996  regressions  produced  higher 
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Table  4.  Summary  of  linear  regression  of  LAR-A  body  temperature  on  each  of  three 
environmental  temperatures  for  three  different  seasons:  Spring  1996,  Summer  1996  and 
May  1997.  All  regressions  are  highly  significant  (all  P  <  <  0.(X)1).  Abbreviations:  TB 
=  body  temperature,  TSS  -  substrate  temperature  in  open  sun,  TSH  =  substrate 
temperature  in  shade  and  TA  =  shaded  air  temperature.  The  sample  size  is  given  in 
parentheses . 

Independent  Variable 

Regression  Equation 

r2 

A.  SPRING  1996 

Substrate  Temperature  in 

Open  Sun  {N  =  88) 

TB  =  0.302  TSS  +  26.740 

0.498 

Substrate  Temperature  in 

Shade  (A  =  89) 

TB  =  0.569  TSH  +  19.210 

0.534 

Shaded  Air  Temperature 
(A  =  46) 

TB  =  0.534  TA  +  21.832 

0.610 

B.  SUMMER  1996 

Substrate  Temperature  in 

Open  Sun  (A  =  61) 

TB  =  0.196  TSS  +  31.317 

0.356 

Substrate  Temperature  in 

Shade  (A  =  61) 

TB  =  0.332  TSH  +  27.659 

0.346 

Shaded  Air  Temperature 
(A  =  61) 

TB  =  0.410  TA  +  25.911 

0.373 

C.  May  1997 

Substrate  Temperature  in 

Open  Sun  (A  =  45) 

TB  =  0.376  TSS  +  23.752 

0.388 

Substrate  Temperature  in 

Shade  (A  =  44) 

TB  =  0.541  TSH  +  20.235 

0.291 

Shaded  Air  Temperature 
(A  =  44) 

TB  =  0.706  TA  +  16.215 

0.364 

R“  values  higher  than  the  regressions  for  the  other  seasons  indicating  that 
environmental  temperatures  accounted  for  a  greater  percentage  of  the 
variance  in  lizard  body  temperature  in  Spring  1996  than  in  other 
seasons.  The  values  show  that  shaded  air  temperature  was  most 
strongly  correlated  to  body  temperature  in  Spring  1996  and  Summer 
1996,  but  that  substrate  temperature  in  open  sun  was  most  strongly 
correlated  with  body  temperature  in  May  1997  (Table  4). 

Discussion 

The  results  reported  here  agree  with  the  results  reported  by  Paulissen 
et  al.  (1989);  LAR-A,  LAR-B  and  C  gularis  all  exhibit  a  mean  body 
temperature  of  39.5 °to  39.7°C.  High  mean  body  temperature  is  the 
norm  for  Cnemidophorus  lizards  regardless  of  the  habitat  they  occupy, 
their  geographic  range,  or  their  reproductive  mode  (Schall  1977;  Bowker 
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1993;  Vitt  et  al.  1993;  1997).  Both  the  1989  study  and  this  study 
indicate  the  body  temperatures  of  LAR-A  and  LAR-B  are  nearly  identical 
(Tables  1,  2  and  3).  This  is  not  surprising  since  the  two  parthenogens 
are  the  same  size  and  occupy  the  same  microhabitats  in  Bentsen-Rio 
Grande  Valley  State  Park  (Paulissen  1994).  The  1989  study  suggested 
that  C  gularis  young-of-the-year  had  lower  body  temperatures  than 
LAR-B  young-of-the-year.  However  this  was  probably  an  artifact  of 
sampling  time;  most  of  the  C  gularis  data  were  collected  in  October, 
most  of  the  LAR-B  were  collected  in  August  (Paulissen  et  al.  1989). 

The  body  temperatures  reported  here  are  considerably  higher  than  the 
mean  body  temperatures  selected  by  LAR-A  and  LAR-B  in  laboratory 
thermal  gradients  (Sievert  &  Paulissen  1996).  However,  the  data  for  the 
thermal  gradient  study  were  collected  over  a  24  h  period,  including 
hours  at  night  when  lizards  were  not  active  and  selected  lower  body 
temperatures.  The  data  presented  here  were  collected  only  during  day¬ 
light  hours  when  lizards  were  active.  In  the  thermal  gradient  study, 
lizards  selected  higher  body  temperatures  during  the  daylight  hours  than 
at  night  (Sievert  &  Paulissen  1996),  although  the  daytime  selected 
temperatures  were  still  1-2°C  below  body  temperatures  measured  in  this 
study. 

This  study  showed  that  the  body  temperature  of  LAR-A  (and  probably 
LAR-B  as  well)  is  strongly  influenced  by  variation  in  the  thermal 
environment.  Mean  environmental  temperatures  were  significantly 
higher  Summer  1996  than  in  Spring  1996;  so  were  LAR-A  body  tem¬ 
peratures  (Table  2).  Mean  environmental  temperatures  were  signifi¬ 
cantly  lower  in  May  1997  than  in  May  1996;  LAR-A  body  temperatures 
were  also  lower  (though  the  difference  narrowly  failed  to  reach  statistical 
significance.  Table  3).  The  series  of  linear  regressions  also  indicate  that 
both  the  association  between  LAR-A  body  temperature  and  environmental 
temperature  and  the  amount  of  variation  in  lizard  body  temperature 
explained  by  environmental  temperature  (indicated  by  values)  differ 
among  seasons  and  years  (Table  4).  Such  seasonal  differences  in 
thermal  biology  are  common  in  lizards  (Christian  et  al.  1983;  van 
Damme  et  al.  1987). 

LAR-A  body  temperature  is  also  influenced  by  time  of  day.  In 
general,  lizards  are  cool  in  the  early  morning  just  after  they  emerge 
from  their  burrows,  but  warm  up  rapidly  so  that  by  about  12:00  they 
have  reached  the  body  temperature  at  which  they  will  remain  active  for 
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the  rest  of  the  day  (Figure  1).  When  LAR-A  first  emerge  in  the  morn¬ 
ing,  they  spend  much  of  their  time  basking  in  the  open  sun,  presumably 
to  raise  their  body  temperatures.  By  late  morning  or  early  afternoon 
when  their  body  temperatures  are  high,  they  rarely  bask  but  instead 
move  through  patches  of  open  sun,  filtered  sun  and  shade  as  they  search 
for  food.  By  mid-afternoon,  lizards  are  active  primarily  in  the  patches 
of  shade  provided  by  the  forest  canopy  and  other  vegetation;  presumably 
this  helps  to  keep  the  lizards  from  overheating.  This  pattern  of  activity 
is  typical  for  Cnemidophorus  lizards  (Carpenter  1960;  Schall  1977;  Vitt 
et  al.  1997). 

These  results  highlight  the  necessity  of  studying  lizard  thermal  biology 
during  several  seasons,  over  different  years,  and  over  the  entire  daily 
activity  period  in  environments  where  temperatures  vary  dramatically. 
Studies  conducted  during  one  season,  one  year,  or  one  portion  of  the 
daily  activity  period  provide  an  incomplete  picture  of  lizard  thermal 
biology.  In  lizards,  body  temperature  strongly  affects  a  wide  range  of 
factors  crucial  to  survival,  such  as  sprint  speed  (Bennett  1980;  van 
Berkum  1988),  predatory  efficiency  (de  Queiroz  et  al.  1987;  Avery  & 
Mynott  1990),  and  digestive  efficiency  (Harwood  1979;  Waldschmidt  et 
al.  1986).  Since  lizard  body  temperatures  vary  with  season,  year  and 
time  of  day,  the  performance  level  of  these  and  other  activities  will  also 
vary.  Workers  interested  in  measuring  performance  of  ecologically 
relevant  activities  in  the  field  should  keep  this  in  mind  when  planning 
studies  on  temperate  zone  lizards. 
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Abstract. — Thirteen  additional  species  of  marine  macroalgae  are  reported  from 
beachfront  and  bayshore  habitats  in  the  vicinity  of  Galveston,  Texas.  An  annotated  checklist 
of  the  marine  macroalgae  of  the  area  is  presented.  This  current  list  contains  a  total  of  42 
presently  and  previously-reported  species  (21  Rhodophyta,  7  Phaeophyta  and  14 
Chlorophyta)  and  includes  information  on  habitat,  substrate  preference  and  seasonal 
occurrence. 


Lowe  &  Cox  (1978)  conducted  the  first  comprehensive  survey  of  the 
marine  benthic  algae  of  Galveston,  in  which  they  reported  19  species 
from  beachfront  and  bayshore  habitats  and  provided  an  annotated  species 
list  with  information  on  habitat  and  seasonal  occurrence.  Subsequent 
reports  by  Medlin  (1984)  and  Wardle  (1992)  each  added  one  additional 
species.  Since  1992,  13  additional  species  have  been  found  living  in  the 
Galveston  area.  These  new  records  include  six  species  of  Rhodophyta, 
two  species  of  Phaeophyta  and  five  species  of  Chlorophyta. 

In  view  of  these  new  observations  and  of  the  many  taxonomic 
revisions  and  nomenclatural  changes  (Wynne  1998)  that  have  occurred 
since  the  publication  of  Lowe  &  Cox’s  (1978)  annotated  list,  a  revised 
and  updated  annotated  listing  has  become  necessary  and  is  presented 
below.  Nomenclature  and  systematic  order  in  the  present  list  follows 
that  in  Wynne  (1998).  Currently  less-preferred  species  names  used  by 
Lowe  &  Cox  (1978)  are  given  when  appropriate,  to  facilitate  correlation 
between  information  in  their  list  and  that  which  follows.  Voucher 
specimens  for  these  species  are  located  in  the  marine  algal  herbarium  at 
Texas  A&M  University  at  Galveston.  Those  species  which  represent 
new  additions  to  the  marine  macroalgal  flora  of  the  Galveston  area  are 
noted  with  an  asterisk  (*). 

Division  Rhodophyta 

Stylonerna  alsidii  (Zanardini)  K.  M.  Drew. — Reported  by  Lowe  & 
Cox  (1978)  as  Goniotrichum  alsidii.  Epiphytic  on  larger  beachfront 
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algae  (Cladophora  spp.,  Chaetornorpha  linum,  Prionitis  pterocladina) 
during  summer  and  fall  months. 

Erythrotrichia  camea  (Dillwyn)  J.  Agardh. — Epiphytic  on  beachfront 
algae  (Bryocladia  cuspidata,  Cladophora  spp.,  Chaetornorpha  linum, 
Gelidiurn  pusillurn,  Jania  adhaerens  and  Prionitis  pterocladina)  from 
May  to  January. 

Sahlingia  subintegra  (Rosenvinge)  Kornmann  &  Sahling.— Reported 
by  Lowe  &  Cox  (1978)  as  Erythrocladia  subintegra.  Epiphytic  on 
larger  beachfront  algae  {Cladophora  spp.,  Gelidiurn  pusillurn).  Present 
throughout  the  year. 

Bangia  atropurpurea  (Roth)  C.  Agardh.— Reported  by  Lowe  &  Cox 
(1978)  as  Bangia  fuscopurpurea.  Epilithic  on  beachfront  upper  intertidal 
and  splash  zone  surfaces  from  November  to  June.  Also  found  as  an 
epiphyte  on  pelagic  Sargassurn  spp. in  May  and  June. 

Porphyra  leucosticta  Thuret  in  Le  Jobs.— Reported  by  Wardle  (1992). 
Epilithic  on  beachfront  jetties  and  groins  from  February  to  April. 

Acrochaetiurn  flexuosum  Vickers. — Epiphytic  on  larger  beachfront 
algae  {Bryocladia  cuspidata,  Cladophora  spp.,  Prionitis  pterocladina, 
Sargassurn  spp.)  and  on  bay  shore  seagrasses  {Halodule  wrightii, 
Thalassia  testudinurn)  throughout  the  year. 

"^Acrochaetiurn  rnicroscopicurn  (Nageli  inKutzing)  Naegli. — Epiphytic 
on  Chaetornorpha  linurn  and  Prionitis  pterocladina  on  beachfront 
habitats  from  May  to  August. 

Jania  adhaerens  Lamouroux.— Epiphytic  on  drifting  Sargassurn  spp. 
along  beachfront  from  April  to  October. 

Gelidiurn  pusillurn  (Stackhouse)  Le  Jobs.— Reported  by  Lowe  &  Cox 
(1978)  as  Gelidiurn  crinale.  Epilithic  on  beachfront  and  bay  habitats 
throughout  the  year.  Also  found  as  an  epiphyte  on  drifting  beachfront 
Sargassurn  spp.  in  late  spring  and  summer  months. 

"^Prionitis  pterocladina  Wynne.— Epilithic  on  beachfront  jetties  in 
summer  months. 
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"^Grateloupia  filicina  (Lamouroux)  C.  Agardh.— Epilithic  on  beach¬ 
front  habitats  in  September  and  October. 

Gracilaria  tikvahiae  McLachlan.— Epilithic  and  edaphic  in  bay 
habitats  from  April  to  November.  Stunted  specimens  occasionally  found 
on  beachfront  jetties  and  groins. 

"^Centroceras  clavulatum  (C.  Agardh  in  Kunth)  Montagne  in  Durieu 
de  Maisonneuve. — Epilithic  on  beachfront  Jetties  and  groins  during  fall 
months. 

Ceramium  delongschampii  Chauv.  in  Duby. — Epilithic  throughout  the 
year  along  the  beachfront,  most  prevalent  during  summer  months. 
Occasionally  found  as  an  epiphyte  on  Cladophora  spp.  and  on  pelagic 
Sargassum  spp. 

Spyridea  filarnentosa  (Wulfen)  Harvey  in  Hooker. — Edaphic  in 
seagrass  beds  {Halodule  wrightii)  along  southwestern  shore  of  Galveston 
Island  in  fall  months.  Reported  by  Lowe  &  Cox  (1978),  however,  not 
observed  by  present  investigator. 

"^Bostrychia  radicans  (Montagne)  Montagne  in  Orbigny.— Epiphytic 
on  cordgrass  {Spartina  altemiflora)  in  bayside  salt  marsh  habitats 
throught  the  year. 

Bryocladia  cuspidata  (J.  Agardh)  De  Toni.— Epilithic  along 
beachfront  surfaces  throughout  the  year. 

Polysiphonia  boldii  Wynne  &  Edwards.— Reported  by  Lowe  &  Cox 
(1978)  as  Polysiphonia  denudata.  Epilithic  along  beachfront  surfaces 
throughout  the  year.  Usually  prefers  the  more  wave  and  sun-sheltered 
portions  of  the  upper  intertidal. 

Polysiphonia  gorgoniae  Harvey. — Reported  by  Lowe  &  Cox  (1978) 
as  an  epiphyte  on  the  seagrass  Halodule  wrightii  during  fall  along  the 
southwestern  bayside  of  Galveston  Island,  however,  not  found  by 
present  investigator. 

Polysiphonia  subtilissima  Montagne.  — Epilithic,  edaphic  and  epiphytic 
on  cordgrass  {Spartina  altemiflora)  in  bayside  habitats  throughout  the 
year. 


52 


THE  TEXAS  JOURNAL  OF  SCIENCE— VOL.  51,  NO.  1,  1999 


Polysiphonia  tepida  Hollenberg.— Epilithic  on  beachfront  jetties 
during  fall  and  winter  months. 

Division  Phaeophyta 

Ectocarpus  siliculosus  (Dillwyn)  Lyngbye.— Epilithic  and  epiphytic  on 
cordgrass  {Spartina  altemiflora)  in  bayside  habitats  during  winter  and 
spring  months  only. 

^Hincksia  mitchelliae  (Harvey)  P.  C.  Silva.— Epilithic  throughout  the 
year  and  epiphytic  on  pelagic  Sargassurn  spp. during  the  spring  and 
summer  months  along  the  beachfront.  Found  throughout  the  year  along 
the  bay  shore  in  epilithic  and  sediment  habitats  and  as  an  epiphyte  on 
cordgrass  (Spartina  altemiflora). 

Petalonia  fascia  (O.  F.  Muller)  Kuntze.— Epilithic  in  winter  months 
along  more  sheltered  beachfront  habitats.  Also  occurs  on  bayside  rocky 
habitats  along  Bolivar  Roads  and  the  eastern  end  of  the  Galveston  Ship 
Channel. 

"^Sphacelaria  rigidula  Kutzing.— Found  attached  to  flotsam  and  as  an 
epiphyte  on  Sargassurn  spp.  along  the  beachfront  during  late  spring  and 
summer  months. 

Dictyota  rnenstmalis  (Hoyt)  Schnetter,  Hornig  &  Weber- Peukert.— 
Reported  as  D.  dichotorna  by  Lowe  &  Cox  (1978).  Edaphic  in  seagrass 
beds  (Halodule  wrightii)  along  southwestern  bayside  of  Galveston  Island 
during  fall  months. 

Sargassurn  fluitans  (Borgesen)  Borgesen.— Pelagic  drift  species. 
Washes  ashore  in  abundance  along  beachfront  from  April  to  October, 
but  varies  somewhat  in  timing  of  occurrence  and  quantity  from  year  to 
year. 

Sargassurn  natans  (Linneus)  Gaillon.— Pelagic  drift  species.  Washes 
ashore  along  beachfront  with  S.  fluitans  from  April  to  October  but  with 
considerably  more  variation  in  quantity  from  year  to  year.  Usually,  the 
ratio  of  S.  fluitans  to  S.  natans  fronds  is  about  10:1.  In  unusual  years 
(the  latest  of  which  occurred  in  1989)  the  absolute  amount  of  S.  fluitans 
remains  relatively  constant,  but  the  ratio  of  S.  fluitans  to  S.  natans 
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becomes  reversed,  resulting  in  massive  accumulations  of  Sargassurn 
(primarily  S,  natans)  along  the  entire  beachfront. 


Division  Chlorophyta 

^Ulothrix  flacca  (Dillwyn)  Thuret  in  Le  Jolis.—Epilithic,  epilignic 
and  epiphytic  on  cordgrass  {Spartina  altemiflora)  in  bayside  habitats 
throughout  the  year.  Also  found  as  an  epiphyte  on  beachfront 
Cerarnium  strictum  in  winter. 

Enteromorpha  clathrata  (Roth)  Greville.— Epilithic  and  epilignic  on 
beachfront  and  bayshore  habitats  and  epiphytic  on  cordgrass  {Spartina 
altemiflora)  in  bayshore  habitats  thr ought  the  year. 

Enteromorpha  flexuosa  (Wulfen  ex  Roth)  J.  Agardh. — Epilithic  on 
beachfront  and  bayshore  habitats  in  spring,  summer  and  fall  with 
maximum  development  in  April  and  May. 

Enteromorpha  lingulata  J.  Agardh. — Epilithic  on  beachfront  and 
bayshore  habitats  throughout  the  year. 

Enteromorpha  prolifera  (O.  F.  Muller)  J.  Agardh. — Epilithic  on 
beachfront  during  winter  months. 

Viva  lactuca  Linnaeus.— Epilithic  on  bayshore  habitats  from  October 
to  May.  Maximum  development  occurrs  in  March  and  April. 

Chaetornorpha  linum  (O.  F.  Muller)  Kutzing.— Epilithic  on  beachfront 
and  bayshore  habitats  and  epiphytic  on  cordgrass  {Spartina  altemiflora) 
in  bayshore  habitats  throughout  the  year. 

Cladophora  dalmatica  Kutzing.— Epilithic  and  epiphytic  on  on 
beachfront  and  bayshore  habitats  and  epiphytic  on  cordgrass  {Spartina 
altemiflora)  in  bayshore  habitats  throughout  the  year  with  maximum 
development  during  summer.  Occasionally  found  as  an  epiphyte  on 
pelagic  Sargassurn  spp.  along  the  beachfront  in  late  spring  and  summer 
months. 

Cladophora  montagneana  Kutzing. — Reported  by  Lowe  Sc  Cox  (1978) 
as  Cladophora  delicatula.  Epilithic  along  beachfront  and  occasionally 
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epiphytic  on  pelagic  Sargassum  spp.  during  late  spring  and  summer 
months. 

"^Cladophora  nichingeri  (C.  Agardh)  Kutzing.— Epilithic  in  summer 
months  along  beachfront  jetties  and  groins. 

"^Cladophora  vagabunda  (Linnaeus)  van  den  Hoek. — Epilithic  along 
beachfront  throughout  year.  Smaller  specimens  are  difficult  to 
distinguish  from  C  dalrnatica.  Specimens  larger  than  15  cm  show  the 
distinctly  tufted  termial  branches  characteristic  of  C  vagabunda  (van 
den  Hoek  1982). 

"^Rhizoclonium  africanum  Kutzing.— Epiphytic  on  cordgrass  {Spartina 
altemiflora)  and  sedimentary  in  saltmarsh  habitats  of  the  bayshore 
throughout  the  year,  reaching  maximum  development  during  summer 
months. 

"^Cladophoropsis  membranacea  (C.  Agardh)  Borgesen.— Unattached 
spherical  clusters  of  filaments  up  to  12  cm  in  diameter  are  occasionally 
deposited  on  beachfront  among  stranded  pelagic  Sargassum  spp.  from 
May  to  August. 

Bryopsis pennata  Lamouroux.— Reported  by  Medlin  (1984).  Epilithic 
on  beachfront  Jetties  and  groins  from  January  to  June. 
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ABOVEGROUND  BIOMASS  ESTIMATION  OF 
BROOM  SNAKEWEED  {GUTIERREZIA  SAROTHRAE)  PLANTS 

Shuning  Tian  and  David  B.  Wester 

Department  of  Range,  Wildlife  and  Fisheries  Management 
Texas  Tech  University,  Lubbock,  Texas  79409-2125 

Abstract.— Two  growth  season-specific  multiple  linear  regression  models  were  developed 
to  estimate  individual  broom  snakeweed  (Gutierrezia  sarothrae  (Pursh)  Britt.  &  Rusby) 
aboveground  biomass  from  plant  morphological  variables  that  can  be  measured  easily  and 
non-destructively  in  the  field.  Predictor  variables  were  plant  height,  number  and  estimated 
average  length  of  leafy  stems  (current  year’s  growth),  number  of  woody  stems  (past  years’ 
growth),  and  length  of  longest  woody  stem.  Number  of  woody  stems,  number  of  leafy 
stems,  estimated  average  length  of  leafy  stems,  and  estimated  total  length  of  leafy  stems 
accounted  for  89%  of  the  variation  in  individual  aboveground  biomass  for  plants  collected 
in  early  spring  (April).  Number  of  woody  stems,  length  of  longest  woody  stem,  number  of 
leafy  stems,  and  estimated  total  length  of  leafy  stems  accounted  for  95%  of  the  variation  in 
individual  aboveground  biomass  of  plants  collected  in  late  summer  (August).  Successful 
cross-validation  suggests  that  these  models  may  have  wide  applicability  in  predicting 
aboveground  biomass  of  snakeweed. 


Southwestern  rangelands  have  undergone  dramatic  changes  in  species 
composition  over  the  past  100  to  200  years  (e.g.,  Hastings  &  Turner 
1965;  Bahre  1991;  McPherson  1997).  Although  increases  in  shrubs  and 
woody  plants  have  been  variously  attributed  to  changes  in  climate 
(Hastings  &  Turner  1965),  fire  frequency  (Wright  &  Bailey  1982),  and 
land  use  practices  (Bahre  1991)  including  herbivory  (Bush  &  Van  Auken 
1995),  it  may  be  difficult  to  separate  the  individual  effects  of  these 
factors  because  of  the  complexity  of  the  ecosystems  involved  (Scholes 
&  Archer  1997). 

Perennial  broom  snakeweed  (Gutierrezia  sarothrae  (Pursh)  Britt.  & 
Rusby),  a  short-lived  suffrutescent  shrub  native  to  western  U.S.  range- 
lands  (Stubbendieck  et  al.  1992),  has  increased  in  density  throughout  its 
range  from  northern  Mexico  to  southern  Canada  (Carpenter  et  al.  1991). 
One  of  the  consequences  has  been  a  reduction  in  herbaceous  production 
(Jameson  1966;  Ueckert  1979;  McDaniel  et  al.  1982;  Dahl  &  Sosebee 
1991).  Overstory /understory  relationships  involve  both  biotic  and 
abiotic  effects  and  thus  can  be  exceedingly  complex  (McPherson  1997; 
Scholes  &  Archer  1997).  A  reductionist  approach  (Wilson  1998)  to 
studying  snakeweed/herbaceous  interactions  (breaking  the  system  into  its 
components)  can  be  fruitful  towards  integrating  an  ecological  under¬ 
standing  of  these  species. 
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In  the  context  of  plant-to-plant  interactions,  aboveground  biomass  is 
widely  accepted  as  one  of  the  best  indices  to  reflect  competitive  ability 
(Gaudet  &  Keddy  1988)  and  is  often  used  as  the  most  appropriate 
measure  of  species  performance  in  dominance-diversity  studies  (e.g., 
Wilson  1991;  Wilson  et  al.  1996).  Although  plant  interactions  may 
involve  rainfall  interception,  litter  production  and  accumulation,  and  root 
competition  (singly  or  in  combination)  (Scholer  &  Archer  1997),  above¬ 
ground  biomass  of  interacting  species  also  is  intimately  involved  in  light 
interception,  and  thus  is  generally  related  to  competitive  effects 
(Tremmel  &  Bazzaz  1993).  However,  measuring  aboveground  biomass 
easily  and  nondestructively  can  be  difficult.  Ludwig  et  al.  (1975)  found 
a  strong  relationship  between  snakeweed  total  aboveground  biomass  and 
canopy  area  (R^  =  0.90)  and  between  total  aboveground  biomass  and 
canopy  volume  (R"  =  0.91).  Additionally,  leaf  biomass  was  related  to 
canopy  area  (R~  =  0.92)  and  canopy  volume  (R"  =  0.96),  and  stem 
biomass  was  also  related  to  canopy  area  (R^  =  0.88)  and  canopy  volume 
(R“  =  0.97).  In  contrast,  Nadabo  et  al.  (1980)  were  less  successful  in 
regressing  snakeweed  aboveground  biomass  on  height  and  canopy 
diameter  dimensions  (R^  =  0.60).  Nadabo  et  al.  (1980)  found  even 
lower  coefficients  of  determination  when  attempting  to  predict  percent¬ 
ages  of  green  branch  and  brown  branch  biomass  from  canopy  dimen¬ 
sions;  they  concluded  that  these  plant  components  were  variable  and  not 
necessarily  related  to  plant  size.  These  results  suggest  that  phenological 
considerations  are  important  in  predicting  aboveground  biomass  from 
plant  parts.  Climatic  factors  also  are  involved.  Nadabo  et  al.  (1980) 
documented  variation  in  average  canopy  volume  development  from  May 
through  October  during  two  growing  seasons  and  at  three  study  areas, 
and  Wan  et  al.  (1993a;  1993b)  showed  that  expansion  of  snakeweed 
photosynthetic  area  was  more  sensitive  than  stem  growth  to  water 
deficits. 

The  objective  of  this  study  was  to  estimate  broom  snakeweed  above¬ 
ground  biomass  from  plant  morphological  variables  that  could  be 
measured  easily  and  nondestructively  in  the  field.  Because  plant  growth 
form  changes  throughout  a  growing  season,  season-specific  prediction 
models  were  developed  and  compared. 

Study  Area  and  Methods 

Field  research  was  conducted  on  fair  range  condition,  native 
shortgrass  rangeland  7.2  km  west  of  Tahoka,  Lynn  Co.,  Texas 
(33°10’N,  101°55’W).  The  2  ha  study  site,  which  received  moderate 
seasonal  grazing  from  domestic  livestock  (yearling  steers)  during  the 
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growing  season  prior  to  the  initiation  of  this  research,  was  enclosed  with 
barbed  wire  to  exclude  livestock  for  the  duration  of  the  study. 
Dominant  grasses  on  the  site  included  blue  grama  {Bouteloua  gracilis 
(Kunth  in  H.B.K.)  Lag.  ex  Griffiths),  buffalograss  {Buchloe  dactyloides 
(Nutt.)  Engelm.),  sand  dropseed  (Sporobolus  cryptandrus  (Torr.)  Gray) 
and  perennial  threeawns  {Aristida  L.)  spp.  Common  forbs  were  silver- 
leaf  nightshade  {Solarium  elaeagnifoliurn  Cav.)  and  scarlet  globemallow 
(Sphaeralcea  coccinea  (Pursh)  Rydb.).  Broom  snakeweed  and  mesquite 
{Prosopis  glandulosa  Torr.)  were  widely  scattered  throughout  the  site 
(nomenclature  follows  Hatch  et  al.  1990).  Herbaceous  production 
averaged  2,305  kg/ha  during  the  year  that  this  research  was  initiated. 

Aboveground  growth  of  a  snakeweed  plant  can  be  separated  into 
current  year’s  growth  (primarily  leafy  stems)  and  past  years’  growth 
(primarily  woody  stems).  Five  morphological  variables  were  used  to 
estimate  aboveground  biomass:  plant  height  (Xj),  number  of  leafy  stems 
(X2),  estimated  average  length  of  leafy  stems  (X3),  number  of  woody 
stems  (X4)  and  length  of  longest  woody  stem  (X5).  Estimated  average 
length  of  leafy  stems  (X3)  was  calculated  by  averaging  the  shortest, 
longest,  and  an  intermediate-length  leafy  stem  on  each  plant.  The 
interaction  (X2X3)  between  number  of  leafy  stems  and  estimated  average 
length  of  leafy  stems  estimates  total  length  of  leafy  stems.  Longest  and 
shortest  canopy  widths  also  were  measured. 

Plant  morphological  measurements  were  recorded  in  the  field  on  35 
randomly  selected  plants  in  early  spring  (April)  and  on  50  randomly 
selected  plants  in  late  summer  (August)  to  sample  the  morphological 
variability  exhibited  by  snakeweed  throughout  the  growing  season. 
Seedlings  (plants  less  than  9  cm  tall)  were  not  sampled  in  this  study. 
Plants  were  then  clipped  at  ground  level  and  brought  to  a  laboratory 
where  they  were  oven  dried  at  60°C  for  96  h  and  weighed  to  the  nearest 
0.01  g.  Plants  collected  in  the  summer  sample  were  individually 
hand- separated  into  leafy  stems  and  woody  stems  (analogous  to  Nadabo 
et  al.’s  (1980)  green  stems  and  brown  stems)  in  the  lab;  leafy  and 
woody  stems  were  weighed  separately. 

Plant  canopy  area  was  calculated  as  if  the  canopy  was  elliptical  in 
shape  with  the  formula:  canopy  area  =  tt  (xy)/4,  where  x  and  y  are 
longest  and  shortest  canopy  widths.  Canopy  volume  was  computed  as  if 
the  plant  was  the  upper  half  of  a  spheriod  in  shape  with  the  formula: 
canopy  volume  =  tt  (4/3)  a^b,  where  a  is  the  average  of  the  longest  and 
shortest  radii,  and  b  is  plant  height  (Ludwig  et  al.  1975). 
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Aboveground  biomass  was  estimated  with  the  five  morphological 
variables  (Xj  to  X5)  and  the  interaction  between  X2  and  X3;  this  model 
is  referred  to  as  the  "full"  model.  Additionally,  the  MAXR  method  of 
variable  selection  (Hocking  1976)  was  used  to  develop  models  with 
fewer  variables  than  the  full  model;  models  with  the  fewest  number  of 
significant  (P  <  0.05)  variables  were  chosen.  These  analyses  were 
completed  separately  for  early  season  and  late  season  plants.  Also, 
canopy  area  and  canopy  volume  were  used  as  independent  variables  in 
simple  linear  regression  models  (with  and  without  intercept  terms  to 
facilitate  comparison  with  Ludwig  et  al.  1975)  to  predict  woody  stem 
biomass,  leafy  stem  biomass,  and  total  biomass  of  summer-collected 
plants.  Statistical  assumptions  were  assessed  as  follows:  (1)  linearity  by 
plotting  residuals  against  predicted  values;  (2)  homogeneous  variances 
by  plotting  residuals  against  predicted  values;  and  (3)  normality  by 
normal  probability  (Q/Q)  plots  (Montgomery  &  Peck  1982;  Johnson  & 
Wichern  1988);  independence  was  assumed  because  of  random  selection 
of  plants  in  the  field  (Ostle  1963).  To  test  whether  multiple  regression 
equations  relating  biomass  to  morphological  measurements  differed 
because  of  plant  growth  form,  full  models  for  spring-  and  summer- 
measured  plants  were  compared  with  respect  to  equality  of  models, 
equality  of  slopes,  and  equality  of  partial  regression  coefficients 
(Graybill  1976). 


Results 

Simple  correlation  analyses.—VdXitxm  of  correlation  among  morpho¬ 
logical  variables  and  biomass  differed  for  spring  (Table  1)  and  summer 
(Table  2)  plants.  For  spring-collected  plants,  both  number  of  woody 
stems  (X4)  and  number  of  leafy  stems  (X2)  were  highly  correlated  {P  < 
0.0001)  with  biomass;  other  variables  showed  weak  (length  of  longest 
woody  stem,  X5)  to  nonsignificant  (plant  height,  Xj)  correlations  with 
biomass  (Table  1).  In  contrast,  each  of  the  measured  morphological 
variables  was  significantly  {P  <  0.0017)  correlated  with  biomass  for 
summer-collected  plants  (Table  2).  Number  of  leafy  stems  (X2)  and 
number  of  woody  stems  (X4)  were  the  two  variables  most  highly  cor¬ 
related  {P  <  0.0001)  with  biomass. 

Biomass  estimation  with  canopy  area  and  v6>/wm^.— Canopy  area  and 
canopy  volume  were  about  equally  predictive  of  leafy  stem  biomass  and 
total  aboveground  biomass  (Table  3).  However,  woody  stem  biomass 
was  more  highly  correlated  with  canopy  volume  than  with  canopy  area. 
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Table  1 .  Pearson  correlation  coefficients  (significance  level  in  parentheses)  between  broom 
snakeweed  aboveground  biomass  and  plant  morphological  variables  for  plants  measured 
in  spring  («  =  35). 


Snakeweed 

morphological  variables 

Plant 

Height 

(X,) 

No.  of 
leafy 
stems 

(X^) 

Ave. 
length  of 
leafy  stems 
(X3) 

No.  of 
woody 
stems 

(X4) 

Length  of 
longest 
woody  stem 
(X3) 

Snake¬ 

weed 

biomass 

(Y) 

Plant  height  (X,)  1.0000 

-0.0511 

(0.7705) 

0.2530 

(0.1426) 

-0.0807 

(0.6450) 

0.3784 

(0.0250) 

-0.0476 

(0.7861) 

No.  of  leafy  stems  (Xj) 

1.0000 

0.1124 

(0.5204) 

0.8666 

(0.0001) 

0.3602 

(0.0335) 

0.8827 

(0.0001) 

Ave.  length  of  leafy  stems  (X3) 

1.0000 

0.1531 

(0.3799) 

0.0954 

(0.5858) 

0.1037 

(0.5532) 

No.  of  woody  stems  (X4) 

1.0000 

0.1990 

(0.2517) 

0.9082 

0.0001 

Length  of  longest  woody  stem  (X5) 

1.0000 

0.3291 

(0.0535) 

Table  2.  Pearson  correlation  coefficients  (significance  level  in  parentheses)  between  broom 
snakeweed  aboveground  biomass  and  plant  morphological  variables  for  plants  measured 
in  summer  (az  =  50). 


Snakeweed  morphological  variables 

Plant 

Height 

(X,) 

No.  of 
leafy 
stems 
(X2) 

Ave. 
length  of 
leafy  stems 
(X3) 

No.  of 
woody 
stems 
(X4) 

Length  of 
longest 
woody  stem 
(X5) 

Snake¬ 

weed 

biomass 

(Y) 

Plant  height  (X,)  l.OCXX) 

0.2241 

(0.1177) 

0.3893 

(0.0052) 

0.5932 

(0.0001) 

0.8355 

(0.0001) 

0.4658 

(0.0007) 

No.  of  leafy  stems  (Xj) 

1.0000 

0.1769 

(0.2192) 

0.6646 

(0.0001) 

0.2012 

(0.1613) 

0.8108 

(0.0001) 

Ave.  length  of  leafy  stems  (X3) 

1.0000 

0.1273 

(0.3785) 

0.2998 

(0.0344) 

0.6182 

(0.0001) 

No.  of  woody  stems  (X4) 

1.0000 

0.5905 

(0.0001) 

0.6592 

(0.0001) 

Length  of  longest  woody  stem  (X5) 

1.0000 

0.4318 

(0.0017) 

Biomass  estimation  with  full  and  stepwise  models.— The  full  model 
was  effective  in  predicting  aboveground  biomass  for  spring-  and 
summer-collected  plants  (Table  4).  Coefficients  of  determination  were 
0.957  (adjusted  R^=0.951)  and  0.907  (adjusted  =0.887)  for  the 
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Table  3.  Regression  equations  and  coefficients  of  determination  for  predicting  late  summer 
(August)  leafy  stem,  woody  stem  and  total  aboveground  biomass  of  broom  snakeweed 
from  canopy  area  and  canopy  volume  (Ai  =  50). 


Independent  Variable 

Dependent  variable 

Canopy  Area,  A  (cm') 

R-* 

Canopy  Volume,  V  (cm^) 

r2* 

Leafy  stem  biomass  (g) 

Y  =  -1.156  +  0.0206A 

Y  =  O.OITIA^' 

0.635 

0.816 

Y  =  0.150  +  0.00015  V 

Y  =  0.000 15  Vi' 

0.592 

0.807 

Woody  stem  biomass  (g) 

Y  =  -0.316  +  0.0092A 

Y  =  0.0083A^' 

0.476 

0.740 

Y  =  -0.047  -h  0.00008V 

Y  =  0.00008Vi' 

0.625 

0.816 

Total  aboveground 
biomass  (g) 

Y  =  -1.472  -f  0.0298A 

Y  =  0.0254A^' 

0.684 

0.853 

Y  =  0.104  -f  0.00023V 

Y  =  0.00023  Vi' 

0.714 

0.875 

-  Model  fit  through  the  origin  to  facilitate  comparison  with  Ludwig  et  al.  (1975). 
*  All  R“  values  have  P  <  0.0001. 


models  for  summer-  and  spring-collected  plants,  respectively.  Addition¬ 
ally,  models  showed  only  moderate  multicollinearity  (upper  bounds  on 
condition  numbers  were  less  than  335  and  655  for  summer-  and  spring- 
collected  plants,  respectively;  see  Montgomery  &  Peck  1982:301-302). 

Full  models  for  spring-  and  summer-collected  plants  differed 
(F =24.05,  P  <  0.0001).  Additionally,  regression  surfaces  were  not 
parallel  (F=  16.54,  P  <  0.0001).  Partial  regression  coefficients  for 
plant  height  and  length  of  longest  woody  stem  did  not  differ  between 
spring-  and  summer-collected  plants;  however,  partial  regression 
coefficients  for  other  measured  morphological  variables  differed  between 
spring-  and  summer-collected  plants  (Table  4).  In  particular,  the 
variables  that  differed  the  most  between  models  were  number  and 
estimated  average  length  of  leafy  stems. 

Stepwise  regression  analysis  produced  regression  models  with  fewer 
independent  variables  and  only  slight  decreases  in  coefficients  of 
determination.  For  example,  number  of  leafy  stems  (X2),  number  of 
woody  stems  (X4),  estimated  average  length  of  leafy  stems  (X3)  and 
estimated  total  length  of  leafy  stems  (X2X3)  each  were  significant  {P  < 
0.008)  in  a  regression  equation  predicting  biomass  for  spring-collected 
plants  with  R“ =0.902  (adjusted  R“  =  0.889).  Likewise,  for  the 
summer-collected  plants,  number  of  leafy  stems  (X2),  number  of  woody 
stems  (X4),  length  of  longest  woody  stem  (X5)  and  estimated  total  length 
of  leafy  stems  (X^X3)  each  were  significant  {P  <  0.05)  in  a  model  with 
R2=0.957  (adjusted  R“  =  0.953). 


TIAN  &  WESTER 


61 


I  a 

fp 

^  s. 

CP  o 

I  s 

£  CP 


o  o 


^  O) 

i  ^ 

^  :i 

'o  K 
2.  ^ 


3  ^ 

S  ® 

3  ^ 

7  ? 

3  ^ 


c 

>-s 

a 

"H- 

oT 


57 

g  ‘S. 

<=  ^ 

<  3 

on 

o 

o 

> 

CP  • 

o 

o 

X 

2. 

cw' 

3“ 

3 

O 

o 

3 

O- 

CP 

*0 

3  &* 

^  o 

O  3* 

Q- 

^  o 

’-+S 

3  ^ 

i-b 

o 

T3 

fp 

3 

Cl 

O 

o 

o 

Cl 

3  ^ 

B 

CP 

3 

>< 

3  crq 

..-s  CP 
o  ^ 

C/2 

o 

C/2 

CP 

3 

X 

< 

S' 

X 

3 

Vi 

c« 

X 

X 

O  ^ 

6 

o 

O 

p 

6 

Ul 

O  fh 

b 

CO 

OS 

§ 

bo 

OJ 

o 

b 

V/l 

Ln 

■o 

3l 

O  Vi 

Vi 

GO 

o 

-4 

O 

OS 

o 

00 

to 

u> 

to 

VO 

00 

Ul 

3- 
3  O 

2. 

3 

^  3 

CTQ 

3 

o 

O 

p 

p 

o 

p 

to 

Standa 

erroi 

g 

Vi 

3 

8 

UJ 

bs 

00 

b 

to 

o 

a 

os 

a 

OS 

VO 

00 

OS 

4i^ 

os 

u» 

U! 

u> 

4i^ 

U) 

a- 

"H- 

3 

Vi 

"0 

s 

O 

o 

o 

o 

p 

p 

o 

v 

II 

8 

to 

8 

b 

8 

bs 

to 

b 

to 

U\ 

CO 

O 

vD 

OS 

r-4- 

Ul 

o 

Os 

00 

4^ 

4^ 

VO 

- - 

o  ^ 

o 

p 

O 

o 

b 

6 

p 

b 

b 

b 

b 

b 

to 

GO 

w 

Os 

VO 

s 

3 

00 

4^ 

U) 

•o 

-o 

S 

Vi 

3 

3 

CP 

os 

U3 

-o 

os 

to 

^  3- 

3  O 

3 

■-s 

3 

o 

o 

o 

p 

o 

o 

►— 

GO 

CP  B 

3  3 

g 

Vi 

8 

b 

b 

io 

b 

b 

bo 

os 

VO 

to 

to 

os 

n  O- 

a 

U) 

os 

to 

-o 

os 

U\ 

00 

2  3 

o 

Oi 

.tL 

to 

o 

a 

ET 

3 

Vi 

“TS 

s' 

p 

o 

o 

p 

o 

p 

p 

V 

II 

Q 

b 

b 

bs 

b 

bo 

to 

Uj 

b 

-o 

U) 

V*J 

to 

— 

O 

o 

VO 

OQ 

o 

to 

O 

o 

to 

VO 

OS 

OS 

Ui 

V/1 

UJ 

\D 

o 

►— 

00 

OS 

o 

to 

b 

■-O 

b 

b 

b 

31 

00 

os 

U) 

-o 

VO 

o 

p 

o 

o 

o 

p 

8 

bo 

8 

8 

8 

°-4 

V 

o 

o 

VO 

o 

o 

VO 

u» 

31 

Table  4.  Multiple  regression  equations  and  standard  errors  of  parameter  estimates  for  predicting  aboveground  biomass  of  broom  snakeweed  in 
the  spring-measured  (R^=0.%68,  P  <  0.0001)  and  summer-measured  (R^  =  0.9569,  P  <  0.0001)  plants.  Also  shown  are  F  statistics  for 
comparing  partial  regression  coefficients  between  models  for  spring-  and  summer-measured  plants. 


62 


THE  TEXAS  JOURNAL  OF  SCIENCE— VOL.  51,  NO.  1,  1999 


Model  cross  validation.— Tht  full  model  for  summer-collected  plants 
was  cross- validated  by  randomly  dividing  the  50  plants  into  two  sets. 
The  regression  equation  from  one  data  set  (the  model-building  set, 

=0.973),  was  applied  to  the  second  data  set  (the  validation  set).  The 
cross- validated  coefficient  of  determination  was  =0.899. 

Discussion  and  Conclusions 

In  early  April,  plants  had  initiated  current  year’s  twig  growth.  Al¬ 
though  leafy  stems  averaged  only  3.6  cm  (sd=1.15)  in  length,  shrubs 
averaged  94  stems/plant  (sd  =  66.6).  Biomass  was  more  highly  correlated 
with  number  of  woody  stems  (mean  =10.9,  sd=7.1)  and  number  of 
leafy  stems  than  with  other  variables  (Table  1).  Also,  plants  in  early 
spring  varied  more  in  number  of  leafy  stems  than  in  average  length  of 
leafy  stems,  and  biomass  was  more  highly  correlated  with  number  than 
with  average  length  of  leafy  stems  (Table  1). 

Plants  collected  in  the  summer  had  much  longer  leafy  stems 
(mean  =  8.1  cm,  sd=1.82)  than  plants  collected  in  the  spring.  These 
plants  also  had  fewer  leafy  stems  (mean=55.1,  sd=33.1)  than  spring- 
collected  plants,  a  characteristic  attributed  to  summer  drought  losses: 
observations  from  3  years  of  measurements  indicate  that  even  on  the 
same  plant,  there  were  fewer  leafy  stems  in  later  summer  growth  than 
in  early  spring  growth  (Tian  1993).  Broom  snakeweed  canopy  leaf  area 
and  leaf  expansion  on  individual  twigs  (Wan  et  al.  1993b)  as  well  as  the 
ratio  of  green  tissue  dry  weight  to  stem  dry  weight  (Wan  et  al.  1993a) 
decrease  as  soil  water  content  decreases.  Biomass  was  more  highly 
correlated  with  length  of  leafy  stems  than  length  of  longest  woody  stem, 
the  latter  of  which  changed  very  little  between  spring  (mean  =  1 1.2  cm, 
sd  =  3. 1)  and  summer  (mean=  1 1 .0  cm,  sd=4.7). 

The  relationship  between  aboveground  biomass  and  the  morphological 
variables  changed  as  plants  changed  growth  form  from  early  spring  to 
late  summer.  In  particular,  the  morphological  variables  that  changed  the 
most  as  the  growing  season  progressed  (number  and  estimated  length  of 
leafy  stems)  were  also  the  variables  that  differed  the  most  between 
regression  equations  for  these  two  seasons  (Table  4).  This  also  suggests 
that  other  factors  which  affect  plant  morphology  are  important  to 
consider  in  developing  predictive  models.  For  example,  to  the  extent 
that  plant  growth  form  responds  to  overall  environmental  conditions, 
e.g.,  a  "wet"  or  a  "dry"  year  (Wan  et  al.  1993a;  1993b),  the  coefficients 
in  the  regression  equation  will  vary.  The  morphological  changes  in 
broom  snakeweed  canopy  structure  that  were  documented  between 
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spring-  and  summer-collected  plants  support  the  findings  of  Wan  et  al. 
(1993a;  1993b)  and  can  be  explained  by  plant  responses  to  drought. 

These  considerations  are  important  in  comparing  results  of  this  study 
to  other  studies  involving  snakeweed.  For  example,  Ludwig  et  al. 
(1975)  showed  similar  trends  between  aboveground  biomass  and  canopy 
area  and  volume,  although  their  correlations  were  higher  than  those  in 
Table  3.  Ludwig  et  al.  (1975)  found  coefficients  of  determination  of 
0.88  and  0.91  between  aboveground  biomass  and  canopy  area  and 
canopy  volume,  respectively.  It  is  reasonable  to  suggest  that  phenologi- 
cal  considerations  may  be  involved  in  the  differences  between  results  of 
this  study  and  those  of  Ludwig  et  al.  (1975). 

The  fact  that  regression  models  used  in  this  study  were  successful  in 
predicting  aboveground  biomass  of  broom  snakeweed  despite  the  canopy 
changes  that  this  plant  undergoes  in  response  to  changing  environmental 
conditions  has  important  implications.  First,  aboveground  biomass  is  a 
factor  that  not  only  is  easily  manipulated  but  has  broad  generality, 
enhancing  its  usefulness  in  ecological  research  (Keddy  1989;  McPherson 
1997).  Second,  removal  experiments  (Tian  1993)  have  shown  that 
broom  snakeweed  aboveground  biomass,  as  well  as  its  components,  is 
reduced  by  competition  with  sand  dropseed,  a  common  associate 
throughout  the  southern  High  Plains  of  Texas.  Thus,  this  approach 
provides  a  practical  means  of  measuring  a  meaningful  plant  response  to 
competition,  thereby  enhancing  our  understanding  of  broom  snakeweed 
and  associated  grasses. 
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BIRD  AND  SMALL  MAMMAL  COMMUNITIES 
OF  FOUR  SIMILAR-AGED  FOREST  TYPES  OF 
THE  CADDO  LAKE  AREA  IN  EAST  TEXAS 

Ryan  S,  Daniel  and  Robert  R.  Fleet 

Department  of  Biology 
Stephen  F.  Austin  State  University 
Nacogdoches,  Texas  75962 

Abstract.— Bird  and  small  mammal  communities  were  surveyed  on  four  different  forest 
types  of  Longhorn  Army  Ammunition  Plant  in  Harrison  County,  Texas  during  1996  and 
1997.  The  forest  types  surveyed  were  bottomland  hardwood,  sideslope  hardwood,  mixed 
pine-hardwood  and  upland  pine.  A  total  of  5,804  birds  of  70  species  and  944  small 
mammals  of  10  species  was  recorded  during  the  study.  A  Monte  Carlo  contingency  table 
analysis  showed  that  the  four  forest  types  held  significantly  different  bird  (P=0.001)  and 
small  mammal  (P=0.01)  communities.  Bird  diversity  and  abundance  were  greatest  in  the 
bottomlands,  whereas  mammal  diversity  was  greatest  in  the  upland  pine  areas  and  abundance 
was  greatest  in  the  mixed  pine-hardwood  areas.  Bird  abundance  and  diversity  were 
positively  related  to  an  increase  in  area  of  canopy  openings.  The  total  number  of  species, 
however,  was  positively  related  to  an  increase  in  total  crown  closure.  Fewer  tree  species  and 
increased  vertical  stratification  of  woody  species  also  had  positive  effects  on  bird  abundance. 
Small  mammals  were  most  abundant  in  forest  types  with  the  greatest  amount  and  depth  of 
leaf  litter  and  amount  of  ground  cover.  Only  six  bird  species  and  five  small  mammal  species 
were  found  to  be  abundant  in  all  of  the  habitat  types.  Management  for  a  diversity  of  forest 
types  is  necessary  to  maintain  a  diverse  animal  community. 


Caddo  Lake  in  northeastern  Texas  provides  unique  habitat  since  it  is 
the  only  natural  lake  in  Texas,  however  there  has  been  surprisingly  little 
ecological  research  in  this  unique  area  (Ingold  1995).  Caddo  Lake 
comprises  the  northern  boundary  of  Longhorn  Army  Ammunition  Plant 
(LAAP),  which  covers  3,440  ha  of  Harrison  County.  The  plant  is 
located  in  the  Piney woods  Ecological  Region  (Gould  1975)  of  eastern 
Texas  and  contains  within  it  many  of  the  characteristic  forest  types  of 
the  Caddo  Lake  area.  Increased  demands  for  urban  development  and 
timber  production  have  created  an  urgency  among  biologists  in  recent 
years  to  better  understand  animal-habitat  relationships  in  the  Caddo  Lake 
area. 

The  objectives  of  this  study  were  to  compare  bird  and  small  mammal 
communities  among  four  different  mature  forest  habitat  types  in  the 
LAAP.  Forest  types  to  be  examined  were  upland  pine,  mixed  pine- 
hardwood,  sideslope  hardwood,  and  bottomland  hardwood.  The  over¬ 
story  trees  in  each  forest  type  were  in  the  sawtimber  tree  size  class. 
Since  forest  types  were  in  the  same  age  class  (approximately  45  years). 
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differences  associated  with  vegetation  types  were  examined  rather  than 
those  caused  by  stand  age.  The  forest  types  also  represented  four 
different  moisture  regimes,  with  the  previously  listed  types  being  in 
order  from  most  xeric  to  the  most  mesic.  Relative  abundance  and 
species  composition  of  birds  and  small  mammals  were  determined  and 
vegetation  analyses  were  performed  among  the  forest  types  to  explain 
differences  among  bird  and  small  mammal  communities. 

Forest  Type  Descriptions 

Bottomland  hardwood.— Tht  bottomland  areas  have  streams  flowing 
through  them  and  were  frequently  flooded  during  periods  of  extensive 
rainfall.  Scouring  effects  of  these  periodic  floodings  resulted  in  these 
areas  having  the  highest  amount  of  exposed  soil  and  the  lowest  average 
leaf  litter  weights  and  litter  depth  (2.38  cm)  of  the  four  forest  types. 
These  areas  had  low  amounts  of  midstory  and  understory  crown  closure 
and  high  amounts  of  overstory  crown  closure.  This,  however,  resulted 
in  the  least  total  crown  closure,  which  allowed  for  high  amounts  of  grass 
and  herbaceous  ground  cover.  Greenbriar  (Smilax  sp.)  and  blackberry 
(Rubus  sp.)  dominated  the  understory  layer  of  vegetation.  Also  common 
were  sweetgum  (Liquidambar  sty raciflua) ,  deciduous  holly  {Ilex  decidua) 
and  winged  elm  (Ulrnus  alata).  The  midstory  and  overstory  layers  were 
dominated  by  sweetgum,  willow  oak  {Quercus  phellos),  bald  cypress 
{Taxodiurn  distichum),  deciduous  holly  and  hardwood  snags. 

Sides  lope-hardwood.— The  sideslope-hardwood  areas  consisted  of 
hardwood-dominated  ridges  adjacent  to  bottomland  areas.  Trees  of  the 
midstory  and  overstory  were  sweetgum,  southern  red  oak  {Quercus 
falcata),  and  winged  elm.  Common  understory  plants  were  American 
beautyberry  {Callicarpa  arnericana),  deciduous  holly,  and  flowering 
dogwood  {Cornus  florida).  Ground  cover  was  dominated  by  various 
species  of  grasses.  These  areas  had  high  amounts  of  total  canopy 
closure  and  leaf  litter.  Average  litter  depth  was  3.3  cm. 

Mixed  pine-hardwood. — These  areas  are  at  a  slightly  higher  elevation 
than  the  sideslope-hardwood  sites  and  exhibit  a  fairly  even  distribution 
of  pine  and  hardwood  species.  The  main  pine  component  in  the  mid¬ 
story  and  overstory  was  loblolly  pine  {Pinus  taeda),  whereas  the  domi¬ 
nant  hardwood  species  were  southern  red  oak,  winged  elm  and  sweet¬ 
gum.  The  most  abundant  understory  plant  species  were  American 
beautyberry,  loblolly  pine,  sweetgum  and  southern  red  oak.  Ground 
cover  was  comprised  mostly  of  woody  species  with  moderate  amounts 
of  grasses  and  herbaceous  plants.  This  forest  type  had  high  amounts  of 
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midstory  crown  closure  and  on  average  had  the  deepest  leaf  litter  (4.85 
cm)  of  the  studied  forest  types. 

Upland  pine.~T\\t  upland  pine  forests  are  found  at  the  highest 
elevations  on  LAAP.  These  areas  were  the  most  xeric  of  the  forest 
types  and  were  dominated  by  loblolly  pine  in  the  overstory.  Midstory 
and  under  story  were  dominated  by  sweetgum,  southern  red  oak,  water 
oak  and  loblolly  pine.  The  ground  cover  was  represented  only  by 
woody  species.  Crown  closure  was  fairly  evenly  distributed  among 
understory,  midstory  and  overstory  levels  of  vegetation.  Leaf  litter  was 
the  second  deepest  of  the  four  forest  types  with  an  average  depth  of  3 . 8 
cm. 

Methods 

Two  study  areas  in  each  of  the  four  forest  types  were  selected  within 
LAAP.  Each  area  was  a  minimum  of  10  ha  in  size.  Within  each  study 
area,  four  replicate  circular  plots  were  established.  The  radius  of  each 
plot  was  69  m  (1.5  ha)  yielding  a  total  of  6  ha  per  study  area.  These 
plots  served  as  the  spatial  units  for  the  bird,  small  mammal  and  vegeta¬ 
tion  surveys.  Plots  were  located  at  least  75  m  from  any  exterior  forest 
edges  and  plot  borders  were  at  least  10  m  from  one  another. 

Vegetation.— y tgQi2i\\on  sampling  and  analysis  were  performed  on 
each  study  area  to  specifically  characterize  the  habitat  of  the  study  areas 
and  consequently  explain  the  use  or  preference  of  the  habitat  types  by 
members  of  the  faunal  communities.  Vegetation  was  sampled  using  a 
nested  plot  design.  Within  each  plot,  five  1 1 .28  m  radius  subplots  were 
established;  one  at  plot  center  and  the  others  46  m  from  plot  center  in 
each  cardinal  direction. 

Overstory  and  midstory  vegetation  were  measured  within  the  subplots 
by  recording  species,  diameter  at  breast  height  and  height  of  all  trees 
over  3  m  tall.  Overstory  was  identified  as  trees  which  had  crowns 
within  the  dominant  canopy  layer  whereas  midstory  were  trees  that 
exceeded  3  m  in  height  but  with  crowns  that  did  not  reach  into  the 
dominant  canopy  layer. 

Understory  vegetation  was  sampled  on  five  2.52  m  radius  plots  within 
each  subplot.  These  understory-sampling  subplots  were  distributed  on 
the  subplots  in  the  same  manner  as  the  subplots  were  distributed  on  the 
study  plots.  For  each  woody  plant  between  0.5  m  and  3.0  m  tall  within 
these  understory  sampling  plots,  species,  stem  diameter  at  ground  level 
and  height  were  recorded. 
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Ground  cover  and  canopy  closure  were  evaluated  at  four  points,  at 
cardinal  directions,  on  the  perimeter  of  each  subplot.  Ground  cover  was 
defined  as  all  vegetation  less  than  0.5  m  in  height  and  was  sampled  by 
lowering  a  0.63  cm  diameter  steel  rod  through  a  support  stand  which 
holds  it  upright.  The  number  of  times  the  rod  was  touched  by  vegeta¬ 
tion  (grass,  woody,  herbaceous)  was  recorded.  If  no  vegetation  touched 
the  rod,  the  substrate  type  (bare  soil  or  leaf  litter)  that  the  rod  fell  upon 
was  recorded.  Canopy  closure  was  sampled  at  these  points  using  a  PVC 
pipe  3  cm  in  diameter  and  24  cm  long  with  string  cross  hairs  in  each 
end  to  serve  as  a  sighting  tube.  Looking  through  the  tube  with  it  held 
vertical  above  the  sample  point  and  the  cross  hairs  aligned,  the  types  of 
canopy  (understory,  midstory  and/or  overstory)  which  were  intersected 
by  the  line  of  sight  were  recorded.  The  absence  of  overhead  obscurity 
in  any  of  the  categories  was  also  recorded. 

Leaf  litter  depth  and  composition  data  were  collected  on  1  m  square 
plots  at  the  cardinal  direction  perimeter  of  each  subplot.  Litter  depth 
was  measured  at  five  points  within  each  m^  (center  and  corners).  The 
litter  was  then  bagged,  dried,  separated  and  weighed. 

Birds. — Methods  for  the  bird  survey  were  similar  to  those  of  Whiting 
&  Fleet  (1987).  Eight-day  census  were  conducted  in  both  winter  (Jan. 
-  Feb.)  and  spring  (May  -  June)  during  1996  and  1997.  Each  study  area 
was  censused  eight  times  per  season  using  four  observers,  with  each 
observer  surveying  two  study  areas  per  day  beginning  approximately  15 
min  before  sunrise.  Birds  on  the  plots  were  recorded  by  sight  and  sound 
for  15  min  on  each  plot  using  time-area  techniques  of  Whiting  &  Baggett 
(1988). 

Small  Capture-release  procedures  used  for  sampling  small 

mammals  were  similar  to  those  of  Whiting  &  Fleet  (1987)  and  Whiting 
et  al.  (1983).  Ten  8  by  8  by  30  cm  Sherman  live  traps  were  placed 
approximately  9  m  apart  in  a  straight  line  on  each  plot;  five  on  each  side 
of  plot  center.  Traps  were  baited  with  a  mixture  of  peanut  butter  and 
rolled  oats  treated  with  a  2%  solution  of  dimethyl  phthalate  to  repel  ants. 
Sherman  trapping  was  conducted  for  13  days  in  both  winters  (Feb.  - 
Mar.)  and  for  seven  days  in  both  springs  (May  -  June).  The  number  of 
trapping  days  per  season  was  decided  upon  after  observing  the  number 
of  recaptured  animals  during  the  first  trapping  year.  When  the  number 
of  recaptures  reached  90%  of  the  total  captures  on  a  given  day,  trapping 
ceased.  The  trap  line  was  rotated  90°  after  the  first  year  to  account  for 
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any  variation  in  the  microhabitat. 

All  mammals,  except  for  shrews  {Blarina  carolinensis) ,  were  toe 
clipped  in  order  to  indicate  recaptures.  Measurements  of  ears,  hindfeet 
and  tails  for  Perotnyscus  species  were  used  to  assist  in  field  identifi¬ 
cation.  In  addition  to  Sherman  trap  sampling,  mammals  captured  in 
herptile  trapping  arrays  on  these  same  plots  were  included  in  some 
analyses.  Two  drift  arrays  with  associated  funnel  traps  and  pitfall  traps, 
except  in  the  bottomlands  where  screenwire  traps  replaced  the  pitfall 
traps,  were  established  on  each  plot.  Small  mammals  were  frequently 
captured  by  these  arrays  and  since  these  arrays  represented  equal 
trapping  intensity  throughout  the  forest  types,  these  captures  were 
included  in  the  analysis. 

Results  and  Discussion 

Forest  type  analysis .—S\gn\fiC2ini  differences  were  found  in  various 
vegetational  categories  between  the  four  forest  types.  A  Monte  Carlo 
analysis  (Manly  1997)  showed  the  importance  values  of  the  midstory  and 
overstory  taxa  to  be  significantly  different  among  the  four  forest  types 
{P  <  0.005).  A  Kruskal-Wallis  nonparametric  one-way  ANOVA  along 
with  a  Nemenyi  pairwise  comparison  test  (Zar  1996)  were  used  to  test 
for  significant  differences  between  the  forest  types  for  ground  cover 
types,  obscured  crown  closure  and  leaf  litter  aspects.  Amount  of  grass 
cover  was  significantly  higher  in  the  bottomland  and  sideslope  areas  than 
in  the  mixed  pine-hardwood  and  upland  pine  areas  (Table  1).  The 
amount  of  herbaceous  ground  cover  in  the  bottomland  areas  was  not 
significantly  different  from  the  sideslope  forest  but  was  significantly 
greater  than  the  mixed  and  upland  pine  forest  types. 

The  upland  pine  forest  type  had  significantly  less  herbaceous  ground 
cover  than  the  bottomland  and  sideslope  areas  but  was  not  different  from 
the  mixed  areas.  No  significant  differences  were  found  in  the  amount 
of  woody  ground  cover  between  the  forest  types,  although  the  pine  areas 
had  the  highest  amount.  Amount  of  litter  in  the  bottomlands  was  signifi¬ 
cantly  less  than  the  mixed  and  pine  areas.  Proportion  of  bare  soil  in  the 
bottomlands  was  also  significantly  greater  than  the  other  three  forest 
types.  Amount  of  crown  closure  was  significantly  different  among  the 
four  forest  types  {P  <  0.005).  Sideslope-hardwood  areas  had  signifi¬ 
cantly  more  obscured  crown  closure  than  the  mixed  and  bottomland 
areas  but  were  not  different  from  the  upland  pine  areas  (Table  1). 
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Table  1 .  Kruskal-Wallis  one-way  ANOVA  sum  of  ranks  for  the  ground  cover  data  for  each 
forest  type.  A  Nemenyi  pairwise  comparison  test  was  performed  on  the  grass,  herba¬ 
ceous,  litter  and  soil  categories  to  test  for  significant  differences  among  forest  types. 
Forest  types  with  the  same  letter  are  not  significantly  different  (P  >  0.05). 


Forest  Type 


Ground  Cover 
Type 

Bottomland 

Sideslope 

Mixed 

Pine 

H  statistic 

Grass 

207.5 

172.5'' 

84.5*^ 

63.5 

20.30*** 

Herbaceous 

193.5^ 

152.0"^ 

118. 5*^'' 

64.0 

12.77** 

Woody 

97.5 

103.0 

150.5 

177.0 

6.25 

Litter 

62.5 

115.0^'’ 

166.0 1’ 

184.5^ 

12.83** 

Soil 

196.5^ 

110.5^ 

96.0 

125.0*^ 

8.48* 

Obscured 
crown  closure 

113.5^ 

190.5 

107.0" 

152.0"*^ 

19.93*** 

*  P  <  0.05,  df=3 
**  P<0.01,df=3 

P  <  0.005,  df=3 


Table  2.  Kruskal-Wallis  one-way  ANOVA  sum  of  ranks  for  leaf  litter  data  collected  from 
each  forest  type.  A  Nemenyi  pairwise  comparison  test  was  performed  to  determine 
differences  among  forest  types  for  litter  depth  and  total  litter  weight.  Forest  types  with 
the  same  letter  are  not  significantly  different  (P  >  0.05). 


Forest  Type 


Litter 

Measurement 

Bottomland 

Sideslope 

Mixed 

Pine 

H  statistic 

Litter  depth 

63.5" 

109.0 

204.0'' 

151.5 

15.32* 

Weight  of 

deciduous  leaves 

141.0 

220.0 

105.0 

62.0 

19.11* 

Weight  of 

pine  needles 

51.5 

84.5 

167.0 

225.0 

26.44* 

Total  litter  weight 

39.0" 

176.0*’ 

149.0*’ 

164.0*’ 

16.90* 

*  P  <  0.005,  df=3 


Kruskal-Wallis  analysis  showed  significant  differences  between  forest 
types  in  litter  depth,  weight  of  pine  needles,  weight  of  deciduous  leaves 
and  total  litter  weight  {P  <  0.005;  Table  2).  The  mixed  pine-hardwood 
areas  had  the  highest  average  litter  depth  and  were  significantly  higher 
than  the  bottomland  and  sideslope  areas.  The  upland  pine  forest  type 
also  had  significantly  greater  litter  depths  than  the  bottomland  areas. 
The  total  weight  of  leaf  litter  was  significantly  less  in  the  bottomlands 
than  in  the  other  three  forest  types. 

Birds. — A  total  of  5,804  birds  representing  70  species  was  recorded 
over  32  censuses  in  1996  and  1997  (Table  3).  The  total  number  of  birds 
and  number  of  species  recorded  during  this  study  is  shown  in  Table  4. 
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Table  3.  Species  and  total  numbers  of  birds  observed  in  each  forest  type  during  the  bird 
survey  in  1996  and  1997. 


Forest  Type 

Mixed  Upland 

SPECIES  Bottomland  Sideslope  Pine-Hdwd  Pine  TOTALS 


Mallard 


Anas  platyrhynchos 

Wood  Duck 

23 

4 

0 

0 

27 

Aix  spans  a 

Great  Blue  Heron 

66 

11 

13 

4 

94 

Ardea  herodias 

Turkey  Vulture 

13 

1 

1 

0 

15 

Cathartes  aura 

Black  Vulture 

6 

11 

6 

4 

27 

Coragyps  atratus 
Sharp-shinned  Hawk 

1 

1 

0 

1 

3 

Accipiter  striatus 

Red-tailed  Hawk 

0 

1 

0 

0 

1 

Buteo  jamaicensis 
Red-shouldered  Hawk 

1 

2 

1 

0 

4 

Buteo  lineatus 

Barred  owl 

2 

2 

7 

1 

12 

Strix  varia 

Great  Horned  Owl 

3 

1 

0 

1 

5 

Bubo  virginianus 
Yellow-billed  Cuckoo 

0 

3 

1 

0 

4 

Coccyzus  americanus 

Hairy  Woodpecker 

10 

9 

9 

4 

32 

Picoides  villosus 

Downy  Woodpecker 

11 

6 

4 

3 

24 

Picoides  pubescens 
Yellow-bellied  sapsucker 

82 

54 

8 

11 

155 

Sphyrapicus  varius 

Pileated  Woodpecker 

32 

18 

16 

4 

70 

Dryocopus  pileatus 
Red-headed  Woodpecker 

23 

23 

24 

13 

83 

Melanerpes  erythrocephalus 
Red-bellied  Woodpecker 

109 

23 

3 

3 

138 

Melanerpes  carolinus 
Northern  Flicker 

96 

43 

45 

19 

203 

Colaptes  suratus 
Ruby-throated  Hummingbird 

30 

25 

10 

6 

71 

Archilochus  colubris 

Great  Crested  Flycatcher 

11 

2 

1 

2 

16 

Myiarchus  cr  in  it  us 

Eastern  Phoebe 

5 

4 

1 

5 

15 

Sayornus  phoebe 

Eastern  Wood-peewee 

9 

12 

3 

2 

26 

Contopus  Virens 

Acadian  Flycatcher 

41 

6 

27 

16 

90 

Empidonax  virescens 

Blue  Jay 

28 

56 

82 

28 

194 

Cyanocitta  cristata 

American  Crow 

4 

1 

5 

10 

20 

Corvus  brachyrhynchos 
European  Starling 

43 

33 

29 

16 

121 

Sturnus  vulgaris 

0 

0 

2 

0 

2 
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Table  3  cont. 


Forest  Type 

SPECIES 

Bottomland 

Sideslope 

Mixed 

Pine-Hdwd 

Upland 

Pine 

TOTALS 

Brown-headed  Cowbird 
Molthrus  ater 

6 

1 

8 

1 

16 

Red-winged  Blackbird 
Agelaius  phoeniccus 

1 

1 

0 

0 

2 

Common  Crackle 

Quiscalus  quiscula 

7 

10 

1 

0 

18 

Purple  Finch 

Carpodacus  purpureas 

0 

1 

0 

0 

1 

Red  Crossbill 

Loxia  curvirostrum 

0 

0 

0 

4 

4 

American  Goldfinch 

Carduelis  tristis 

5 

6 

4 

3 

18 

White-throated  Sparrow 
Zonotrichia  albicollia 

79 

34 

69 

22 

204 

Chipping  Sparrow 

Spizella  passerina 

4 

2 

6 

8 

20 

Song  Sparrow 

Melospiza  melodia 

3 

0 

1 

0 

4 

Rufous-sided  Towhee 

Pipilo  erythrophthalmus 

4 

2 

18 

0 

24 

Northern  cardinal 

Cardinalis  cardinalis 

145 

114 

125 

106 

490 

Indigo  Bunting 

Passerina  cyanea 

2 

4 

2 

13 

21 

Summer  Tanager 

Pirangra  rubra 

20 

31 

29 

36 

116 

Red-eyed  Vireo 

Vireo  olivaceus 

104 

122 

29 

36 

291 

Yellow-throated  Vireo 

Vireo  flavifrons 

29 

15 

3 

3 

50 

White-eyed  Vireo 

Vireo  griseus 

78 

30 

100 

71 

279 

Black-and-white  Warbler 
Mniotilta  varia 

7 

9 

3 

19 

38 

Prothonotary  Warbler 
Protonotaria  citrea 

66 

2 

4 

0 

72 

Orange-crowned  Warbler 
Vermivora  chrysoptera 

1 

1 

1 

0 

3 

Northern  parula 

Parula  americana 

11 

1 

1 

5 

18 

Yellow-rumped  Warbler 
Dendroica  coronata 

29 

13 

20 

5 

67 

Magnolia  Warbler 

Dendroica  magnolia 

0 

0 

1 

0 

1 

Yellow-throated  Warbler 
Dendroica  dominica 

18 

4 

5 

0 

27 

Black-throated  green  Warbler 
Dendroica  virens 

0 

0 

0 

1 

1 

Pine  Warbler 

Dendroica  pinus 

22 

43 

230 

254 

549 

Kentucky  Warbler 

Oporornis  formosus 

12 

18 

41 

23 

94 
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Table  3  cont. 


Forest  Type 

SPECIES 

Bottomland 

Sideslope 

Mixed 

Pine-Hdwd 

Upland 

Pine 

TOTALS 

Yellow-breasted  Chat 

Icteria  virens 

9 

2 

33 

24 

68 

Hooded  Warbler 

Wilsonia  citrina 

4 

5 

58 

46 

113 

Gray  Catbird 

Dumetella  carolinensis 

3 

3 

11 

6 

23 

Brown  Thrasher 

Toxostoma  rufum 

11 

7 

35 

3 

56 

Carolina  Wren 

Thryothorus  ludovicianus 

147 

105 

101 

78 

431 

Winter  Wren 

Troglodytes  aedon 

12 

1 

6 

1 

20 

Brown  Creeper 

Cethia  americana 

20 

2 

4 

3 

29 

White-breasted  Nuthatch 

Sitta  carolinensis 

50 

10 

3 

2 

65 

Brown-headed  Nuthatch 

Sitta  pusilla 

1 

1 

9 

14 

25 

Tufted  Titmouse 

Parus  bicolor 

91 

62 

63 

66 

282 

Carolina  Chickadee 

Parus  carolinensis 

124 

67 

41 

36 

268 

Golden-crowned  Kinglet 
Regulus  satrapa 

3 

5 

11 

1 

20 

Ruby-crowned  Kinglet 
Regulus  calendula 

23 

15 

26 

13 

77 

Blue-gray  Gnatcatcher 
Polioptila  caerulea 

83 

61 

100 

30 

274 

Wood  Thrush 

Hylocichla  mustelina 

0 

1 

0 

3 

4 

Hermit  Thrush 

Catharus  guttatus 

8 

12 

38 

13 

71 

American  Robin 

Turdus  migratorius 

21 

22 

19 

28 

90 

Eastern  Bluebird 

Sialia  sialis 

5 

2 

0 

1 

8 

Pine  warblers  (Dendroicus  pinus)  were  by  far  the  most  common  species 
observed  during  winter,  whereas  the  red-eyed  vireo  (Vireo  olivaceous), 
a  neotropical  migrant,  was  the  most  observed  bird  in  spring.  These  two 
canopy  nesters  were  also  the  most  abundant  birds  found  by  Petit  et  al. 
(1994)  in  their  breeding  bird  study  of  mature  oak-pine  forests  in  western 
Arkansas  and  eastern  Oklahoma.  Four  red  crossbills  {Loxia  curviros- 
trum),  rare  and  irregular  winter  visitors  in  much  of  Texas,  were 
observed  on  three  different  occasions  in  the  winter  of  1997. 
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Table  4.  Total  bird  abundance  (and  number  of  species)  recorded  in  each  forest  type  for  each 
of  the  four  census  periods. 


Bottomland 

Sideslope 

Mixed 

Pine 

Winter  1996 

525  (38) 

340  (39) 

395  (35) 

210  (27) 

Spring  1996 

485  (37) 

292  (27) 

408  (33) 

332  (29) 

Winter  1997 

427  (32) 

276  (33) 

343  (34) 

219  (30) 

Spring  1997 

480  (36) 

291  (36) 

411  (33) 

370  (31) 

Table  5.  Sorenson’s  Community  Similarity  Percentages  from  the  winter  and  spring  bird 
surveys.  Both  years  were  combined  for  each  season.  Percentages  represent  the  amount 
of  similarity  in  bird  composition  of  the  compared  forest  types. 


Bottomland 

Sideslope 

Mixed 

Pine 

Winter  Spring 

Winter 

Spring 

Winter 

Spring 

Winter 

Spring 

Bottomland 

_  _ 

.765 

.689 

.592 

.645 

.535 

.589 

Sideslope 

—  — 

— 

— 

.650 

.662 

.716 

.628 

Mixed 

—  — 

— 

— 

— 

— 

.766 

.759 

Pine 

—  — 

— 

— 

— 

— 

— 

— 

A  Monte  Carlo  contingency  table  analysis  (Manly  1997)  performed 
on  the  number  of  each  species  in  each  forest  type  showed  that  the  bird 
species  composition  differed  between  the  four  vegetation  types  {P  < 
0.001)  in  each  of  the  four  censuses.  Bird  community  similarity  was 
calculated  (Table  5)  using  Sorenson’s  community  similarity  analysis 
(Smith  1992).  There  is  a  trend  of  declining  similarity  as  forest  types 
diverged  in  elevation  and  moisture  gradient.  For  example,  the  bottom¬ 
land  and  pine  habitat  types  have  the  least  similar  bird  communities  in 
both  winter  and  spring.  This  declining  similarity  is  probably  related  to 
the  differences  in  vertical  structure  and  dominance  of  midstory/overstory 
tree  species  which,  in  turn,  are  dependent  in  part  on  elevation  and  soil 
moisture. 

A  Kruskal-Wallis  ANOVA  was  performed  on  bird  abundance  (Table 
6)  and  number  of  species  (Table  7).  A  Nemenyi  pairwise  comparison 
test  was  done  on  the  rank  sums  to  determine  which  forest  types  were 
significantly  different  {P  <  0.05).  The  bottomland  areas  had  signifi¬ 
cantly  greater  bird  abundances  and  number  of  species  than  the  pine  areas 
in  every  season,  except  for  bird  abundance  in  spring  of  1997  (Table  6). 
The  bottomlands  were  also  significantly  higher  than  the  sideslope  bird 
abundances  for  every  category  (Table  6)  and  for  both  springs  and  spring 
totals  for  number  of  species  (Table  7).  These  findings  correspond  with 
those  of  Anderson  (1975)  in  that  bottomland  forests  normally  contain  the 
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Table  6.  Kruskal-Wallis  non-parametric  ANOVA  rank  sums  on  total  bird  abundance  of  each 
forest  type  for  each  season  and  totals  for  winter  and  spring.  Significance  was  determined 
by  Nemenyi  pairwise  comparison  test.  Forest  types  with  the  same  letter  are  not 
significantly  different  (P  >  0.05). 


Forest  Type 

Kruskal-Wallis 

H  statistic 

Bottomland 

Sideslope 

Mixed 

Pine 

Winter  1996 

211.0^ 

113.5’’ 

147.5"’’ 

56.0’’ 

17.89* 

Spring  1996 

209.0^ 

60.0 

163.5"’’ 

99.5’’" 

20.19* 

Winter  1997 

213.0'' 

94.0’’ 

157.5"’’ 

63.5’’ 

19.34* 

Spring  1997 

201.5" 

58.5’’ 

161.5" 

106.5"’’ 

16.66* 

Winter  Total 

218.5" 

113.5’’ 

144.0"’’ 

52.0’’ 

20.37* 

Spring  Total 

214.5" 

53.5’’ 

161.0"'' 

99.0’’" 

21.17* 

*  P  <  0.005,  df=3 


Table  7.  Kruskal-Wallis  non-parametric  ANOVA  rank  sums  on  number  of  bird  species  for 
each  forest  type  for  each  season  and  totals  for  winter  and  spring.  Significance  was 
determined  by  Nemenyi  pairwise  comparison  test.  Forest  types  with  the  same  letter  are 
not  significantly  different  (P  >  0.05). 


Forest  Type 

Bottomland  Sideslope  Mixed  Pine  Kruskal-Wallis 

H  statistic 

44.0’’  20.84* 

103. 5’’"'  23.15* 

46.5’’  20.10* 

93.5’’  18.53* 

36.0 ’’  24.34* 

105.0’’  22.39* 

*  P  <  0.005,  df=3 


Winter  1996 

214.5" 

142.0" 

127.5"’’ 

Spring  1996 

225.0" 

51.0" 

148.5"’’ 

Winter  1997 

209.5" 

116.0" 

156.0"’’ 

Spring  1997 

213.0" 

65.5’’ 

156.0"’’ 

Winter  Total 

220.5" 

130.5"’’ 

141.0" 

Spring  Total 

226.5" 

54.5’’ 

142.0"’’ 

most  wintering  and  breeding  birds.  A  contributing  factor  to  the  high 
number  of  individuals  in  bottomlands  was  that  52%  of  all  woodpeckers 
observed  were  in  the  bottomlands  areas.  Of  these,  80%  of  the  red¬ 
headed  woodpeckers  (Melanerpes  erythrocephalus)  were  found  in  the 
bottomlands  areas.  The  bottomlands  also  had  the  highest  Shannon- 
Wiener  community  diversity  (Smith  1992)  values  with  a  two  year 
average  of  4.12.  The  upland  pine  areas  had  the  least  diverse  bird 
communities  with  an  average  value  of  3.65  and  had  significantly  fewer 
(P  <  0.05)  species  than  the  bottomlands  in  all  four  censuses.  There 
were  no  significant  differences  between  the  bottomland  and  mixed 
pine-hardwood  areas  in  bird  abundances  and  number  of  species  (Tables 
6  &  7).  The  mixed  areas,  though,  had  significantly  greater  abundances 


76 


THE  TEXAS  JOURNAL  OF  SCIENCE— VOL.  51,  NO.  1,  1999 


than  the  sideslope  for  both  springs  and  never  were  significantly  different 
from  the  pine  areas  in  bird  abundance. 

Small  mammals. — A  total  of  944  small  mammals  of  10  species  was 
captured  over  the  two-year  study.  Individuals  captured  are  listed  by 
trapping  season  and  forest  type  for  both  years  (Table  8).  Peromyscus 
spp.  along  with  short- tailed  shrews  (Blarina  carolinensis)  and  golden 
mice  {Ochrotomys  nuttalli)  accounted  for  85%  of  all  mammals  captured. 
The  Peromyscus  category  actually  represents  two  species:  P.  leucopus, 
the  white-footed  mouse  and  P.  gossypinus,  the  cotton  mouse.  Positive 
identification  to  species  was  possible  for  approximately  one-third  of  the 
Peromyscus  specimens  captured;  this  was  by  use  of  ear,  hind  foot  and 
tail  measurements  given  by  Davis  &  Schmidly  (1994).  An  attempt  to 
separate  the  two  species  by  habitat  preference  was  mostly  unsuccessful. 
The  only  large  difference  in  the  abundance  of  these  two  species  was  in 
the  upland  pine  forest  type,  where  the  white-footed  mouse  was  the  more 
abundant  of  the  two.  McCarley  (1954)  reported  similar  results,  stating 
that  the  cotton  mouse  is  more  abundant  in  flood-prone  bottomlands  and 
the  white-footed  mouse  is  dominant  in  upland  areas.  These  three  most 
captured  animals,  Peromyscus  spp.,  golden  mice  and  short-tailed  shrews 
represent  the  three  main  feeding  guilds  of  small  mammals:  omnivores, 
granivores,  and  insectivores. 

Peromyscus  spp.  were  common  in  all  four  forest  types,  whereas 
golden  mice  and  short-tailed  shrews  were  plentiful  in  all  but  the 
bottomlands.  Other  less  commonly  caught  mammals  included  the  hispid 
cotton  rat  (Sigrnodon  hispidus) ,  the  eastern  woodrat  (Neotoma  floridana) 
and  the  fulvous  harvest  mouse  {Reithrodontomys  fulvescens).  Of  these, 
only  the  fulvous  harvest  mouse  was  captured  in  all  forest  types;  the 
other  two  species  were  absent  from  the  bottomland. 

Two  small  mammal  species  were  captured  almost  exclusively  in  the 
herptile  arrays.  These  were  the  short-tailed  shrew  and  woodland  vole 
{Microtus  pinetorurn),  with  94%  and  98%  being  captured  in  herptile 
arrays,  respectively.  Shrews  and  voles  forage  primarily  in  or  under  the 
leaf  litter  and  were  obviously  intercepted  by  the  herptile  array  fencing. 
Only  two  voles  and  13  shrews  were  captured  in  Sherman  traps.  Nearly 
all  of  the  Sherman-captured  shrews  were  in  the  spring.  This  suggests 
that  the  insectivorous  shrews  may  have  been  attracted  to  insects  feeding 
on  the  bait  within  the  Sherman  traps.  Thus,  abundances  of  these  species 
would  have  been  greatly  underestimated  without  the  use  of  the  herptile 
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Table  8.  Total  mammal  individuals  captured  in  each  forest  type  during  winter  and  spring 
trapping  seasons  for  both  1996  and  1997,  Numbers  in  parentheses  include  pitfall  trap 
captures.  Pitfall  captures  were  not  included  in  the  Monte  Carlo  analysis. 


FOREST  TYPE 


Bottomland  Sideslope  Mixed  Pine 


SPECIES 

1996 

1997 

1996 

1997 

1996 

1997 

1996 

1997 

Peromyscus  spp. 

19 

86 

17 

46 

35 

96 

25 

57 

381 

Ochrotomys  nuttalli 

4 

3 

8 

15 

37 

37 

32 

68 

204 

Sigmodon  hispidus 

0 

0 

0 

2 

5 

2 

0 

7 

16 

Neotoma  floridana 

0 

0 

2 

1 

2 

6 

3 

1 

15 

Reithrodontornys  fulvescens  2 

1 

4 

1 

2 

0 

2 

3 

15 

Reithrodontornys  hurnulis 

1 

0 

0 

0 

2 

0 

2 

0 

5 

Microtus  pinetorum 

8 

7 

2 

13 

20(27) 

13 

8(10) 

8 

88 

Blarina  carolinensis 

14 

8 

10(21) 

13(24) 

23(37) 

20(38) 

16(26) 

28(47) 

215 

Glaucornys  volans 

1 

0 

0 

0 

0 

0 

2 

0 

3 

Scalopus  aquaticus 

0 

0 

0 

2 

0 

0 

0 

0 

2 

TOTALS 

49 

105 

54 

104 

147 

192 

102 

191 

944 

arrays.  It  should  be  noted  that  the  absence  of  pitfall  traps  in  the 
bottomlands  could  have  resulted  in  an  underestimation  of  shrew 
abundance  in  these  areas  since  shrews  were  commonly  captured  in  pitfall 
traps  on  the  other  forest  types. 

Three  species  were  captured  in  numbers  too  small  to  include  in 
analyses,  and  in  only  one  of  the  two  years.  The  eastern  harvest  mouse 
{Reithrodontornys  hurnulis)  was  represented  by  five  individuals  in  1996 
only,  three  southern  flying  squirrels  {Glaucornys  volans)  were  captured 
in  1996,  and  two  eastern  moles  (Scalopus  aquaticus)  were  captured  in 
1997. 

A  Kruskal-Wallis  ANOVA  was  performed  on  total  individuals  per 
forest  type  (Table  9).  All  trapping  periods  showed  a  significant 
difference  {P  <  0.05)  between  forest  types  except  spring  1997.  A 
Nemenyi  pairwise  comparison  run  on  rank  sums  showed  that  the  pine 
areas  held  significantly  more  individuals  than  the  sideslope  in  both 
winters  and  the  bottomlands  for  spring  1996  and  winter  1997.  Rank 
sums  were  highest  in  the  mixed  and  pine  and  lowest  in  the  bottomland 
and  sideslope  for  all  periods  except  spring  1997. 

There  was  a  dramatic  increase  in  small  mammal  captures  between 
1996  and  1997.  Increased  captures  were  recorded  in  1997  for  all  forest 
types  (Table  8).  Perotnyscus  spp.  were  the  only  species  that  consistently 
increased  in  all  forest  types  and  they  accounted  for  nearly  79  percent  of 
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Table  9.  Kruskal-Wallis  non-parametric  AN OVA  rank  sums  on  small  mammals  captured  in 
Sherman  traps  of  each  forest  type  for  each  season.  Significance  was  determined  by 
Nemenyi  pairwise  comparison  test  when  H  statistic  was  significant.  Forest  types  with  the 
same  letter  are  not  significantly  different  {P  >  0.05). 


Trapping 

Season 

Forest  Type 

Kruskal-Wallis 
H  statistic 

Bottomland 

Sideslope- 

Hardwood 

Mixed  Pine- 
Hardwood 

Upland 

Pine 

Winter  1996 

103.0 

75.0*’ 

164.0"*’ 

186.0" 

11.76** 

Spring  1996 

78.0*’ 

114.5''*’ 

160.5"*’ 

175.0" 

8.7* 

Winter  1997 

87.0 

73.0 

180.0 

188.0 

not  tested 

Spring  1997 

148.5 

94.5 

147.0 

138.0 

3.08 

*  P  <  0.05,  df=3 
**  P  <  0.01,  df=3 


the  1997  increase.  A  severe  drought  ended  in  fall  1997  and  these 
generalist  species  probably  were  able  to  respond  to  increasingly  favora¬ 
ble  conditions  with  increased  survivorship  or  increased  reproductive 
success,  or  both. 

Also  noteworthy  is  the  approximately  two  fold  greater  captures  in  the 
mixed  and  upland  pine  areas  over  the  bottomland  and  sideslope  sites 
(Table  8).  The  mixed  areas  had  the  greatest  total  mammal  captures, 
more  than  twice  as  many  as  the  bottomland  and  sideslope  areas.  The 
mixed  areas  also  had  significantly  greater  litter  depth  than  either  the 
bottomland  or  sideslope  (Table  2).  The  upland  pine  areas  had  fewer 
captures  than  the  mixed  areas,  but  still  nearly  twice  as  many  as  the 
bottomland  and  sideslope.  The  upland  pine  also  had  the  second  greatest 
litter  depths  after  the  mixed  areas  (Table  2).  Thus,  small  mammals 
seem  to  be  favoring  forest  habitats  that  provide  abundant  cover  in  the 
form  of  thick  litter  and  detrital  layers  on  the  forest  floor. 

In  addition,  a  Monte  Carlo  analysis  for  1996  and  1997  mammal 
capture  data  showed  that  the  composition  of  small  mammal  species 
differed  significantly  among  the  among  forest  types  during  both  years  {P 
=  0.01). 

Conclusions 

Significant  differences  were  noted  in  the  composition  of  the  bird 
communities  of  the  four  forest  types.  The  bottomland  forest  type  had 
significantly  greater  bird  abundances  than  the  sideslope  hardwood  and 
upland  pine  forest  types  in  both  winter  and  spring  but  no  difference  was 
found  between  the  sideslope,  mixed  pine-hardwood  and  upland  pine  in 
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winter  and  the  mixed  pine-hardwood  and  upland  pine  in  spring.  The 
mixed  pine-hardwood  forest  type,  however,  had  a  significantly  greater 
bird  abundance  than  the  sideslope  forest  type  in  the  spring.  The  bottom¬ 
land  areas  contained  significantly  more  bird  species  than  the  upland  pine 
areas  in  winter  and  significantly  more  than  the  sideslope  and  upland  pine 
areas  in  spring.  Community  diversity  was  also  greatest  in  the  bottom¬ 
lands  for  all  four  census  periods.  Bird  abundance  was  positively  related 
to  the  percentage  of  overstory  and  understory  crown  closure,  density  of 
midstory  and  overstory  stems,  and  amount  of  openings  in  the  canopy. 
Bird  abundance  was  negatively  influenced  by  an  increase  in  the  number 
of  tree  species,  indicating  that  tree  species  diversity  is  not  as  an 
important  factor  as  the  overall  vegetational  structure  of  a  forest  stand. 
Increasing  numbers  of  bird  species  were  found  to  be  related  to  overall 
increases  in  crown  closure.  The  amount  of  hardwood  midstory  in  the 
pine  stands  influenced  the  species  composition  but  not  the  overall 
abundance  of  birds. 

Composition  of  small  mammal  communities  differed  significantly 
among  the  four  forest  types.  Overall,  nearly  twice  as  many  mammals 
were  captured  in  the  mixed  pine-hardwood  and  upland  pine  forest  types 
than  in  the  bottomland  and  sideslope  forests.  Community  diversity  was 
highest  in  the  upland  pine  areas  and  lowest  in  the  bottomland  areas. 
Mammal  abundance  was  greatest  in  those  areas  with  greater  amounts  of 
leaf  litter  and  litter  depth.  High  densities  of  grass  and  herbaceous 
ground  cover,  such  as  in  the  bottomland  and  sideslope  forest  types,  had 
a  negative  influence  on  small  mammal  abundance,  although  golden  mice 
abundance  was  related  to  the  amount  of  woody  ground  cover  since  they 
are  arboreal  and  use  vines  and  other  woody  species  to  access  higher 
vegetation.  Herptile  trapping  arrays  contributed  substantially  to  this 
study,  accounting  for  nearly  half  of  the  total  captures,  including  94%  of 
the  short- tailed  shrews  and  98%  of  the  pine  voles,  which  both  forage 
primarily  in  the  leaf  litter. 
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Abstract.— This  study  describes  the  data  relatability  dependency  and  its  properties.  Its 
ability  to  represent  many-to-many  relationships  exceeds  those  of  functional  dependencies  and 
multivalued  dependencies.  The  criterion  of  complete  data  relatability  is  used  in  determining 
the  merit  of  a  schema  that  is  designed  from  data  relatability  dependencies.  The  degree  of 
control  over  update  anomalies  is  a  major  advantage  of  the  data  relatability  dependency  based 
decomposition.  This  level  of  control  is  higher  than  those  of  functional  dependency  and 
multivalued  dependency  based  database  schema  designs. 


Much  research  has  been  done  in  the  area  of  relational  database  theory 
(Codd  1970;  Maier  1983;  Oilman  1988;  Korth  &  Silberschatz  1991; 
Elmasri  &  Navathe  1994;).  One  aspect  of  this  area  covers  the  relation¬ 
ships  among  attributes  in  a  database  table  (Oilman  1988;  Korth  & 
Silberschatz  1991;  Elmasri  &  Navathe  1994).  In  a  table  or  relation, 
these  attributes  may  have  clearly  defined  correlations  among  them.  For 
instance,  the  zip  code  attribute  in  an  address  table  relates  to  the  street 
address,  city  and  state  attributes.  One  street  address,  city  and  state  has 
one  zip  code.  Thus,  this  relationship  is  called  one-to-one  between  street 
address,  city  and  state  and  the  zip  code. 

The  resident  at  that  address  may  have  additional  phone  numbers, 
however.  This  situation  leads  to  the  discussion  of  another  type  of 
relationship:  the  one-to-many  relationship.  The  resident  who  lives  at 
one  address  has  one  or  more  phone  numbers,  A  one-to-many  relation¬ 
ship  exists  between  the  street  address,  city,  state  and  zip  and  the  phone 
number. 

Definitions  of  functional  and  multivalued  dependencies. — Two  formal 
notations  are  used  by  designers  to  denote  these  relationship  types:  the 
functional  dependency  (FD)  (Codd  1972)  and  the  multivalued  depend¬ 
ency  (MVD)  (Fagin  1977).  The  FD  represents  a  one-to-one  relationship 
between  two  groupings  of  attributes;  whereas,  the  MVD  represents  a 
one-to-many  relationship.  Neither  the  FD  nor  the  MVD  address  an 
important  type  of  relationship:  the  many-to-many  relationship.  Many- 
to-many  relationships  appear  in  everyday  examples. 
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Definition  for  data  relatability  dependencies .—Ddii^bdiSt  designers 
need  a  way  to  express  a  many-to-many  relationship  with  one  constraint. 
The  data  relatability  dependency  (DRD),  defined  in  this  study,  allows 
one  to  represent  a  many-to-many  relationship  with  one  constraint.  It 
says  that  a  particular  mapping  of  one  attribute  to  the  other  will  always 
be  the  same  regardless  of  the  other  attributes  involved  in  the  scheme. 
An  informal  definition  of  a  mapping  onto  A  is  defined  as,  essentially, 
the  set  of  A  values  associated  with  a  particular  tuple’s  B  value. 

Controlling  input  anomalies .—CsXng  a  single  constraint  instead  of  two 
MVDs  simplifies  the  design  process  when  many-to-many  relationships 
are  involved.  So,  the  designer  can  replace  two  one-to-many  relation¬ 
ships  with  one  many-to-many  relationship.  The  section  "Many-to-many 
relationships"  further  elaborates  on  this  idea.  The  designer  requires  a 
way  of  creating  a  database  schema  that  avoids  many  types  of  anomalies. 
Anomalies  cause  the  database  to  become  inconsistent  when  it  is  updated 
in  any  manner— by  inserting,  deleting,  or  updating  tuples.  If  a  database 
schema  has  anomalies,  the  designer  must  incorporate  mechanisms  into 
the  database  in  order  to  work  around  the  problems.  Otherwise,  the  user 
of  the  database  obtains  incorrect  answers  to  queries. 

Validation  of  this  study's  claims.— k  goal  of  this  thesis  is  to  bring 
forth  a  way  of  formally  designating  many-to-many  relationships  in  the 
form  of  a  DRD.  As  with  FDs  and  MVDs,  DRDs  have  a  Boolean  alge¬ 
bra.  Furthermore,  the  designer  can  use  DRDs  in  creating  a  normalized 
decomposition  of  a  relation  scheme.  Such  a  decomposition  will  have  a 
greater  degree  of  control  over  update  anomalies  than  one  created  without 
DRDs.  This  fact  is  important  because  FDs  and  MVDs  have  already 
been  used  to  create  schemata  that  are  free  of  certain  anomalies  (Codd 
1972;  Fagin  1977).  DRDs  can  remove  more  anoma-lies,  such  as  the 
ones  that  arise  when  attempting  to  use  FDs  and  MVDs  to  design  a 
schema  that  contains  many-to-many  relationships. 

Background 

Need  for  decomposition  methods.— Om  of  the  problems  with  many-to- 
many  relationships  in  database  designs  is  how  to  represent  them.  The 
schema  consists  of  a  number  of  relation  schemes.  When  a  schema  is 
created  using  traditional  FDs  and  MVDs,  the  many-to-many  relationship 
may  not  be  represented.  Two  schemes  may  have  to  be  combined  before 
the  complete  relationship  can  be  seen  (Dutka  &  Hanson  1989).  The  lack 
of  representation  of  a  many-to-many  relationship  causes  insertion, 
deletion,  and  update  anomalies.  This  is  because  the  relationship  is 
expressed  as  an  interrelational  constraint,  or  not  within  the  same  relation 
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(Date  1990).  The  only  way  to  make  the  interrelational  constraint  intra- 
relational,  or  within  the  same  relation,  is  to  join  the  relations.  Joining 
the  relations  is  a  time-consuming  way  to  prevent  these  problems. 

In  fact,  the  join  operation  is  one  of  the  most  expensive  operations  in 
terms  of  time  used.  One  would  prefer  a  way  of  representing  many-to- 
many  constraints  easily.  Easily  representable  constraints  such  as  FDs 
and  MVDs  are  frequently  used  in  database  design  for  one-to-one  and 
one-to-many  relationships  (Codd  1972;  Fagin  1977).  A  new  constraint 
for  many-to-many  relationships  should  be  equally  easy  to  represent  and 
should  be  manipulated  logically.  Logical  manipulation  is  enabled 
through  theorems  or  axioms  similar  to  those  for  FDs  and  MVDs  that  are 
summarized  in  (Beeri  et  al.  1977). 

FDs  and  MVDs  have  Boolean  algebras  that  allow  formal  techniques 
to  be  applied.  The  book  by  Dutka  and  Hanson  (Dutka  &  Hanson  1989) 
is  one  source  of  additional  information  on  FDs  and  MVDs.  More  infor¬ 
mation  about  FDs  and  MVDs  is  available  in  (Maier  1983;  Ullman  1988; 
Date  1990;  Korth  &  Silberschatz  1991;  Vossen  1991;  Atzeni  & 
DeAntonellis  1993;  Elmasri  &  Navathe  1994).  For  instance,  the  ability 
to  infer  a  dependency  from  others  allows  the  creation  of  a  closure  of  the 
set  of  dependencies.  Part  of  some  decomposition  approaches  involves 
using  the  closure  of  dependencies.  Thus,  the  DRD  is  the  notation  and 
tool  with  which  the  database  designer  clearly  shows  the  many-to-many 
relationships  among  sets  of  attributes. 

In  addition,  one  is  able  to  embed  new  constraints  into  a  relational 
database  without  the  previously  mentioned  hassle  of  joining  tables  and 
checking  for  validity.  A  benefit  of  the  new  constraints  is  that  DRDs 
allow  a  greater  number  of  corporate  policies  to  be  represented  in  the 
database.  For  example,  DRDs  can  allow  for  encoding  the  policy  that  a 
company  must  sell  all  its  products  at  all  its  stores.  Without  a  definite 
way  of  showing  this  constraint,  the  database  could  become  inconsistent 
despite  seemingly  legal  insertions,  deletions,  or  updates.  One  can 
represent  this  policy  using  two  straightforward  DRDs.  These  DRDs  can 
be  incorporated  within  the  loaded  definition  of  the  database,  thus 
allowing  automatic  detection  of  invalid  updates.  Therefore,  the 
anomalies  associated  with  use  of  FDs  and  MVDs  alone  are  eliminated. 

The  reason  for  the  ease  of  checking  the  constraints  is  that  the  DRDs 
are  transformed  into  atomic  relations.  Atomic  relations  cannot  be 
decomposed  further.  The  transformation  process  takes  the  DRDs  into 
account  when  creating  such  relations.  Previous  decomposition  methods 
do  not  take  DRDs  into  account.  The  new  decomposition  thus  preserves 
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the  DRDs.  Schemata  that  are  built  using  DRDs  require  only  one  test  for 
validity  to  be  performed  per  relation  that  is  affected  by  the  update. 
Contrast  this  process  with  updating  a  database  with  anomalies  caused  by 
a  lack  of  required  DRDs.  A  test  potentially  needs  to  be  done  on  many 
sets  of  tuples  throughout  the  affected  relations.  The  redundancy  would 
slow  a  database’s  response  time.  Detailed  examples  of  these  and  other 
situations  appear  later. 

Definition  of  complete  data  relatability.—A  standard  for  testing  a 
database  schema  is  needed.  The  quality  of  complete  data  relatability, 
possessed  within  the  schema,  enables  the  necessary  testing  standard. 
The  definition  of  complete  data  relatability  is  shown  in  Table  1.  With 
complete  data  relatability,  the  dependencies  are  able  to  be  inferred 
readily.  In  other  words,  they  are  either  evident  in  the  schemes  or  can 
be  inferred  using  inference  rules  for  dependencies.  This  property 
prevents  many  anomalies  from  existing  which  are  caused  by  insertion, 
deletion,  and  updating  the  database. 

Definition  1.  A  decomposition  ensures  complete  data  relatability  if  and  only  if  the 
decomposition  completely  defines  the  totality  of  all  the  FDs  and  DRDs  between  the 
attributes  in  the  associated  universal  relation.  None  of  the  FDs  and  DRDs  need  to  be 
inferred. 

Figure  1.  Definition  of  Complete  Data  Relatability. 

Consider  an  example  of  a  decomposition  that  is  completely  data 
relatable.  A  relation  scheme  R(X,  Y,  Z)  has  F  =  {X“^Y  and  Y“^Z}  with 
F+  =  {X“->Y,  Y-^Z,  and  X-»Z}.  Scheme  R  has  anomalies  that  are  caused 
by  the  transitive  dependency  X-^Z,  so  R  is  unacceptable  without  being 
decomposed.  A  decomposition  formed  by  a  BCNF  normalization  algo¬ 
rithm  is  R2(X,  Y)  and  RaCY,  Z).  The  same  decomposition  is  formed  by 
3NF  normalization.  This  decomposition  has  complete  data  relatability. 
The  functional  dependencies  X-»Y  and  Y-^Z  are  in  the  relations  with  the 
corresponding  attributes.  The  dependency  X-»Z  is  inferred  using  the 
transitivity  rule. 

A  schema  that  is  not  completely  data  relatable  does  not  preserve  all 
of  the  dependencies  of  the  original  relation.  The  decomposition  R2(X, 
Y)  and  RaCX,  Z)  is  an  example.  Since  R2UR3  =  R  and  R2nR3“»R,  this 
is  a  lossless  join  decomposition  (Rissanen  1977).  Thus,  it  can  be  seen 
that  the  lossless  join  quality  of  a  decomposition  does  not  imply  complete 
data  relatability.  Note  that  the  decomposition  is  also  in  Boyce-Codd 
normal  form.  X“»Y  in  R2,  and  X  is  the  superkey  of  R2.  Likewise, 
X-^Z  in  R3,  and  X  is  the  superkey  of  R3.  This  BCNF  decomposition 
does  not  possess  complete  data  relatability.  The  only  dependencies  that 
are  preserved  are  X-^Y  and  X-^Z.  Y-^Z  cannot  be  inferred  from  the 
schema. 


CAVANAUGH  &  KING 


85 


Control  of  update,  deletion  and  insertion  anomalies. — Lack  of 
complete  data  relatability  allows  insertion  anomalies  to  occur.  A  Y 
value  may  be  associated  with  any  number  of  Z  values  in  this  decompo¬ 
sition.  In  other  words,  for  one  value  of  Y,  more  than  one  Z  value  can 
be  inserted.  If  one  were  to  do  this  and  then  join  r2  and  (relations  on 
schemes  R2  and  R3  respectively),  the  violation  of  Y->Z  would  be  ob¬ 
vious.  However,  it  is  not  as  obvious  in  the  decomposition. 

R2  and  R3  have  relations  r2  and  r3  on  the  respective  schemes. 
Consider  a  case  where  many  X  values  are  associated  with  one  Y  value 
in  V2.  This  state  does  not  violate  X-»Y.  Each  of  those  X  values  can  be 
associated  with  one  Z  value  in  r3.  Because  X  is  the  common  attribute 
between  the  two  relations,  joining  r2  and  r3  causes  one  Y  value  to  be 
associated  with  more  than  one  Z  value.  This  state  is  a  violation  of 
Y-»Z,  yet  it  can  occur  because  the  dependencies  are  neither  implicitly 
nor  explicitly  present.  That  is,  a  compatible  tuple  is  inserted,  and  the 
resulting  instance  of  the  database  is  invalid.  This  is  Pagin’ s  definition 
of  an  insertion  anomaly  (Fagin  1981).  The  anomaly  occurs  because  the 
schema  does  not  have  complete  data  relatability. 

In  order  to  satisfy  the  functional  dependency  Y^Z,  a  tuple  must  be 
inserted  in  r3  whenever  one  is  inserted  in  r2.  Likewise,  anytime  a  tuple 
is  deleted  from  r2,  the  related  tuple  in  r3  should  be  deleted.  However, 
deleting  that  tuple  will  cause  information  about  X  to  be  lost.  The  tuple 
in  r3  contains  the  Z  value  that  is  associated  with  the  X  value.  Deleting 
from  one  relation  should  not  affect  the  integrity  of  another  relation; 
otherwise,  a  deletion  anomaly  is  present.  Again,  complete  data  relata¬ 
bility  is  the  determining  factor  as  to  whether  or  not  the  schema  has  these 
anomalies. 

Complete  data  relatability  has  the  following  advantages.  One-to-one, 
one-to-many  and  many-to-many  relationships  between  various  entities 
can  be  expressed  when  complete  data  relatability  holds.  Data  relatability 
dependencies  help  promote  this  concept  because  they  contain  functional 
and  multivalued  dependencies,  the  one-to-one  and  one-to-many  con¬ 
straints.  Database  designers  can  use  straightforward  methods  to  ensure 
an  advanced  level  of  database  integrity.  This  level  of  integrity  is  high 
because  of  its  ability  to  describe  many-to-many  constraints.  The  data 
model  contains  the  constraints,  making  them  intrinsic.  Extrinsic 
constraints  are  outside  the  data  model.  The  designer  can  incorporate  a 
greater  number  of  company  policies  into  the  design  of  the  database. 

Fagin  (1981)  shows  how  a  scheme  can  be  in  4NF  and  PJ/NF  and  still 
have  an  insertion  anomaly.  For  example,  an  employee’s  having  a 
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certain  status  code  and  a  certain  salary  outside  the  range  defined  by  the 
constraint  is  a  violation  of  an  integrity  constraint.  In  other  words, 
insertion  of  a  valid  tuple  into  a  valid  instance  of  the  scheme  leads  to  a 
constraint  violation. 

Conditions  for  a  relation  to  be  decomposable .—Fdigm  (1977)  proves 
that  an  MVD’s  presence  is  a  necessary  and  sufficient  condition  for  a 
relation  scheme  to  have  a  lossless  join  decomposition.  One  reason  that 
this  theorem  is  useful  is  that  MVDs  can  be  used  to  decompose  the 
scheme  into  4NF.  If  this  theorem  did  not  hold,  the  MVDs  could  not  be 
used  in  such  a  manner.  A  similar  theorem  is  proven  stating  that  exist¬ 
ence  of  DRDs  are  a  necessary  and  sufficient  condition  for  the  universal 
relation  to  be  decomposable. 

Complete  data  relatability  as  a  standard  for  comparing  DRD-based 
decompositions. — The  DRD  driven  decomposition  algorithm  employs 
complete  data  relatability  as  the  comparative  criterion  for  decomposi¬ 
tions.  The  following  is  an  example  subset  of  a  compact  disc  database. 
Each  CD  has  a  title  and  a  unique  number  assigned  to  it.  A  composer 
composes  many  songs,  and  many  composers  may  have  songs  with  the 
same  title.  The  song  composed  by  a  particular  composer  is  called  a 
composition.  Each  composition  has  a  unique  number  assigned  to  it.  A 
CD  has  many  compositions,  and  a  composition  may  appear  on  many 
CDs. 

A  many-to-many  relationship  exists  between  CDNo  and  Composition. 
Another  many-to-many  relationship  exists  between  Song  and  Composer. 
These  many-to-many  relationships  are  represented  by  DRDs,  since  FDs 
and  MVDs  are  not  suitable.  There  is  a  one-to-one  relationship  between 
CDNo  and  CDTitle.  Song  and  Composer  as  a  unit  and  Composition  are 
in  a  one-to-one  relationship.  The  candidate  key  for  the  database  is 
(CDNo,  Composition),  since  CDNo  and  Composition  is  the  minimum 
set  of  attributes  that  will  determine  the  entire  relation.  The  dependencies 
are  as  follows: 

Note:  X-^Y  is  a  data  relatability  dependency,  there  is  a  many-to-many 
relationship  between  attributes  X  and  Y. 

CDNo->-^omposition 
Song-^-Composer 
CDNo-CDTitle 
Composition-^Song,  Composer 
Song,  Composer-Composition 

The  original  relation  RawData  is  depicted  in  Table  1 .  The  relation 
scheme  decomposes  into  relation  schemes  CDs,  Compositions  and 
CDCompositions,  whose  instances  are  depicted  in  (Table  2,  Table  3  and 
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Table  4  respectively). 


CDTitle 

Composer 

Song 

CD 

NO 

Composition 

Classical  piano  music 

Schumann 

Aufschwung 

39 

1 

Classical  piano  music 
Tchaikovsky’s  music 
Tchaikovsky’s  music 

Beethoven 

Piano  sonata  no.  14 

39 

2 

Tchaikovsky 

Nutcracker  suite 

18 

3 

Tchaikovsky 

Swan  lake 

18 

4 

Classical  horn  music 

Haydn 

Horn  concerto 

76 

5 

Classical  horn  music 

Telemann 

Horn  concerto 

76 

6 

Selected  Mozart  songs 

Mozart 

Eine  kleine  nachtmusik 

55 

7 

Selected  Mozart  songs 

Mozart 

Symphony  no.  40 

55 

8 

Mozart’s  music 

Mozart 

Eine  kleine  nachtmusik 

25 

7 

Mozart’s  music 

Mozart 

Piano  concerto  no,  21 

25 

9 

Table  1.  Original  Relation  Raw  Data. 


CDTitle 

CDNo 

Classical  piano  music 

39 

Tchaikovsky’s  music 

18 

Classical  horn  music 

76 

Selected  Mozart  songs 

55 

Mozart’s  music 

25 

Table  2.  CDs 


Song _  Composer  Composition 


Aufschwung 

Schumann 

1 

Piano  sonata  no.  14 

Beethoven 

2 

Nutcracker  suite 

Tchaikovsky 

3 

Swan  lake 

Tchaikovsky 

4 

Horn  concerto 

Haydn 

5 

Horn  concerto 

Telemann 

6 

Eine  kleine  nachtmusik 

Mozart 

7 

Symphony  no.  40 

Mozart 

8 

Piano  concerto  no.  21 

Mozart 

9 

Table  3, 

,  Compositions. 

CDNo 

Composition 

39 

1 

39 

2 

18 

3 

18 

4 

76 

5 

76 

6 

55 

7 

55 

8 

25 

7 

25 

9 

Table  4. 

CDCompositions. 

The  relation  scheme  CDs  (CDNo,  CDTitle)  is  based  on  the  FD 
CDNo-»CDTitle.  Relation  scheme  Compositions  (Song,  Composer, 
Composition)  is  based  on  the  following  dependencies:  DRD  Song-« 
Composer;  FD  Composition->Song,  Composer;  FD  Song,  Composer^ 
Composition.  Relation  scheme  CDCompositions  (CDNo,  Composition) 
is  based  on  the  DRD  CDNo->->Composition.  The  underlined  attributes 
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are  the  key  to  each  relation  scheme  in  the  decomposition. 

Notice  that  the  decomposition  defines  all  of  the  dependencies  (both 
relational  and  functional)  in  the  universal  relation  called  RawData. 
None  of  the  dependencies  need  to  be  inferred  from  others  in  the 
decomposition.  This  decomposition  that  is  based  on  DRDs  is  completely 
data  relatable.  Complete  data  relatability  is  the  standard  for  comparing 
decompositions  that  are  based  on  DRDs. 

Illustration  of  anomaly  reduction  as  a  result  of  complete  data 
relatability  .—The  quality  of  complete  data  relatability  in  a  decomposition 
reduces  the  variety  and  number  of  anomalies  in  the  decomposition.  For 
example,  insertion  anomalies  are  reduced.  In  the  relation  CDs,  a  CD 
title  can  be  inserted  without  affecting  any  other  relation.  A  song, 
composer,  and  composition  number  can  be  inserted  into  the  relation 
Compositions  without  affecting  other  relations. 

Deletion  anomalies  are  also  reduced  in  a  completely  data  relatable 
decomposition.  A  CD  may  not  contain  a  compositions  that  was  thought 
to  be  recorded  on  it.  Other  CDs  may  have  the  composition,  but  that  is 
not  relevant.  Thus,  one  can  delete  the  composition  from  that  particular 
CD  by  deleting  the  tuple  from  the  CDCompositions  relation.  The 
composer  and  song  information  about  that  composition  is  not  lost  for 
other  CDs,  since  it  is  still  in  the  Compositions  relation. 

Furthermore,  a  completely  data  relatable  decomposition  has  a  reduced 
number  of  update  anomalies.  One  can  update  the  song  title  "Fine  kleine 
nachtmusik"  to  reflect  title  capitalization  as  in  "Fine  Kleine  Nachtmusik" 
by  changing  one  tuple  in  the  Compositions  relation.  Note  that  two  CDs, 
"Selected  Mozart  songs"  and  "Mozart’s  music",  contain  this  composi¬ 
tion.  Only  one  tuple  must  be  updated  to  the  change  the  case  of  the 
composition’s  title.  If  all  the  relations  are  rejoined,  the  composition’s 
title  "Fine  Kleine  Nachtmusik"  will  appear  the  same  for  both  CDs. 
Decompositions  that  are  generated  by  the  DRD-based  schema  design 
algorithm  are  compared  using  the  quality  of  complete  data  relatability. 
This  quality  in  a  decomposition  reduces  anomalies  in  the  decomposition. 

Data  Relatability  Dependency  Fundamentals 

Decomposition  design.— The  second  approach  to  schema  design  is 
decomposition.  This  method  involves  taking  a  universal  relation  scheme 
and  breaking  it  into  new  schemes  according  to  guidelines.  The  follow¬ 
ing  algorithm  is  a  basic  example  of  a  decomposition  algorithm.  It  uses 
multivalued  dependencies  (MVDs)  and  produces  a  schema  that  is  in 
fourth  normal  form  (Beeri  et  al.  1977). 
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The  set  of  relation  schemes  is  initialized  to  the  current  relation 
scheme.  If  all  schemes  are  in  fourth  normal  form,  then  the  normali¬ 
zation  process  is  complete.  Consider  the  situation  in  which  there  is  a 
scheme  that  is  not  in  fourth  normal  form.  Find  a  nontrivial  MVD  X  — » 
Y  defined  on  that  scheme.  This  MVD  is  in  the  original  set  of  MVDs. 
Remove  this  scheme  from  the  set  of  schemes.  Replace  it  with  two 
schemes:  XU  Y  and  all  the  attributes  except  Y  (Beeri  et  al.  1977).  The 
two  methods  of  designing  a  schema  are  decomposition  and  synthesis. 
They  both  attack  the  problems  of  insertion,  deletion  and  update 
anomalies. 

Many-to-many  relationships . —Functional  dependencies  impose  one-to- 
one  relationships  between  pairs  of  attribute  sets.  Multivalued  depend¬ 
encies  set  up  one-to-many  relationships  in  a  similar  fashion.  However, 
many-to-many  relationships  have  no  known  way  of  being  expressed  in 
such  a  fashion.  The  data  relatability  dependency  describes  such  a 
relationship. 

Dutka  &  Hanson  (1989)  refer  to  "all-to-all"  relationships.  They 
discuss  a  relation  scheme  containing  two  multivalued  dependencies. 
Both  MVDs  have  the  same  determinant  group.  Decomposing  the 
scheme  produces  two  relation  schemes.  One  contains  the  determinant 
group  and  a  set  of  attributes  that  are  multivalue  determined  by  the 
determinant  group.  The  other  has  the  determinant  group  and  the  other 
set  of  attributes  that  it  determines. 

In  addition,  many-to-many  relationships  exist  between  the  determinant 
group  and  the  two  groups  of  determined  attributes.  Dutka  &  Hanson 
(1989)  state  that  the  decomposition  has  no  way  of  enforcing  certain 
integrity  constraints  that  represent  business  policy.  They  comment  that 
the  constraints  can  only  be  revealed  by  joining  the  schemes.  Data 
relatability  dependencies  can  provide  the  required  integrity  constraints. 
They  explicitly  state  the  requirements,  and  the  database  designer  uses 
them  in  the  same  way  he  uses  functional  and  multivalued  dependencies. 

Data  mappings  among  attribute  sets.— A  discussion  of  how  values 
map  to  other  values  is  necessary  in  order  to  define  a  data  relatability 
dependency.  The  definition  of  the  mapping  from  attribute  set  A  to 
attribute  set  B  is  shown  in  Figure  2. 

Definition  2.  First,  consider  two  disjoint  sets  of  attributes  A  and  B  from  a  relation  R. 

Considering  a  tuple  rER,  r[A]  is  the  concatenated  set  of  value  assignments  of  A  for  r. 

MB(r[A])  is  the  mapping  from  attribute  set  A  to  attribute  set  B.  It  is  the  set  of  B  values 

associated  with  r[A]  and  is  described  by  the  set  shown  below. 

MB(r[A])  =  {r'[B]  |  r'  E  R  and  r'[A]  =r[A]} 

Figure  2.  Definition  of  the  Mapping  from  Attribute  Set  A 
to  Attribute  Set  B. 
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Note  that  Mg,  the  set  of  B  values  associated  with  r[A],  is  a  mapping 
from  n^(R)  into  the  family  of  subsets  of  nB(R).  Let  C  be  the  set  of  all 
attributes  in  R.  When  AUB=C  and  AnB  =  0,  MB(r[A])  is  the  image 
set  of  r[A]  under  R. 

Determination  for  the  example  mapping  from  attribute  set  A  to 
attribute  set  B. — The  following  proposition  illustrates  the  data  relatability 
dependency: 


SuDolier 

Item 

Color 

B 

C 

R 

B 

C 

Y 

B 

C 

B1 

W 

X 

Br 

W 

Y 

Blk 

W 

Z 

Br 

S 

D 

G 

s 

L 

Br 

s 

C 

R 

s 

C 

Y 

s 

C 

B1 

Table  5.  Stock 


In  this  relation,  the  set  of  colors  of  an  item  is  the  same  for  any  supplier 
of  that  item.  This  is  another  way  of  stating  that  the  set  of  colors  of  an 
item  is  a  function  of  Item  and  not  of  Supplier.  Two  subprojections  of 
R  appear  in  the  following  definition  and  stock  projection: 


Supplier  Item 


B  C 
W  X 
W  Y 
W  Z 
S  D 
S  L 
S  C 


Table  6.  Projection  of  Stock  onto  Supplier  and  Item  H  suppler,  nem  (Stock). 


Item  Color 


X  Br 

Y  B1 

Z  Br 

D  G 

L  Br 

C  R 

C  Y 

C  B1 

Table  7.  Projection  of  Stock  onto  Item  and  Color  H  eoior  (R)- 

An  advantage  of  this  decomposition  is  that  all  anomalies  of  Stock  are 
eliminated.  The  set  of  colors  and  the  set  of  suppliers  of  an  item  can  be 
updated  (by  modification,  insertion  or  deletion)  independently  from  one 
another.  A  database  operator  can  add  the  fact  that  a  supplier  supplies 
a  new  item  with  only  one  insertion  to  the  subprojection  onto  Supplier 
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and  Item.  Likewise,  the  operator  can  add  a  new  color  to  the  list  of 
colors  in  which  an  item  comes  with  only  one  insertion  to  the  subpro¬ 
jection  onto  Item  and  Color. 

Furthermore,  the  relationships  in  the  entire  schema  are  much  more 
well  defined  than  they  are  in  other  decompositions.  The  many-to-many 
relationship  between  Supplier  and  Item  is  clear  in  the  first  subprojection. 
In  other  words,  the  projection  of  Stock  onto  Item  and  Supplier  is  a 
concise  list  of  items  and  their  suppliers.  No  redundant  information 
exists  in  the  subprojection.  The  same  type  of  relationship  between  Item 
and  Color  is  expressed  in  the  second  subprojection. 

The  subprojections  do  not  allow  duplication  of  information.  For 
instance,  the  fact  that  suppliers  B  and  S  supply  item  C  is  not  repeated 
in  the  subprojection  onto  Supplier  and  Item.  Supplier  S  also  supplies 
items  D  and  L,  as  indicated  in  the  subprojection.  Only  the  minimum 
number  of  tuples  necessary  are  used  to  represent  the  many-to-many 
relationship  between  Item  and  Supplier.  The  subprojection  of  Stock 
onto  Item  and  Color  is  also  a  minimal  relation. 


[ltem-»— »Color  |  |ltem— ^-^■Supplier  ] 


[d] - [gI 


Figure  3.  Mappings  from  Item  to  Color  and  Item  to  Supplier. 

The  mappings  from  Item  to  Color  and  from  Item  to  Supplier  are 
shown  in  Figure  3. 

It  can  be  seen  that  the  set  of  colors  of  an  item  remains  the  same 
regardless  of  that  item’s  supplier.  For  instance,  if  A  =  {Color}  and 
B  =  {Supplier,  Item},  then  Ma(S,C)  =  {R,  Y,  B1}.  The  mapping  from 
supplier  S,  item  C  to  color  is  {R,  Y,  Bl}.  In  addition,  m/(B,C)  =  {R, 
Y,  Bl}. 

Data  relatability  dependency  definition.— The  definition  of  a  data 
relatability  dependency  is  stated  given  as  follows: 

Definition  3.  The  attribute  set  A  is  said  to  be  data  relatability  dependent,  in  relation  R 
defined  over  the  attribute  set  C,  on  the  attribute  set  B  when,  letting  D  =  C-B-A,  for  any 
pair  of  tuples  r,,  r2EnDuB(R)> 

(r,[B]  =  r2[BH(MAr,)  =  MA(r2)). 

Figure  4.  Definition  of  Data  Relatability  Dependency. 
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Thus,  the  mapping  is  solely  a  function  of  the  B  attributes  and  not  of 
the  D  attributes. 

It  is  important  to  notice  that  a  data  relatability  dependency  is  related 
to  a  functional  dependency.  If  ||  ||  =  1  (the  cardinality  of  the  mapping 

is  1)  then  the  definition  of  data  relatability  dependency  is  equivalent  to 
the  definition  of  a  functional  dependency. 

As  with  functional  and  multivalued  dependencies,  data  relatability 
dependencies  may  be  trivial.  A  trivial  data  relatability  dependency 
occurs  when  D  =  0  (AUB=C)  or  when  A^B.  If  r,[B]  ==r2[B],  then 
M^Crj)  — MA(r2)  is  always  true. 

Data  relatability  dependency  example.— Tht  notation  for  a  data 
relatability  dependency  (DRD)  uses  two  right  arrows  (^-^).  B-«A  and 
B-^/-»A  show  that  A  is  or  is  not  data  relatability  dependent  on  B, 
respectively.  Thus,  in  the  example,  Item-^-^Color.  This  DRD  explicitly 
states  that  a  many-to-many  relationship  exists  between  item  and  color 
and  that  an  item  is  sold  in  a  certain  set  of  colors  regardless  of  other 
factors  involved.  Thus,  company  policy  is  easily  implemented  in  the 
database  by  means  of  the  data  relatability  dependency. 


Item 

Color 

Supplier 

socks 

white 

A 

socks 

black 

A 

socks 

navy 

A 

socks 

burgundy 

A 

socks 

white 

B 

socks 

black 

B 

socks 

navy 

B 

socks 

burgundy 

B 

T-shirt 

white 

B 

T-shirt 

white 

C 

T-shirt 

white 

Table  8.  Clothing 

D 

For  example,  someone  wishes  to  query  the  database  for  the  colors  in 
which  socks  come.  The  answer  could  be  obtained  by  the  projection  onto 
Color  of  the  tuples  from  Clothing  in  which  Item  = ’socks’.  The  result 
would  be  white,  black,  navy  and  burgundy,  because  those  are  the  colors 
in  which  the  socks  come.  If  one  queries  the  database  for  the  suppliers 
of  T-shirts,  the  answer  would  be  the  projection  onto  Supplier  of  the 
tuples  from  Clothing  in  which  Item  = ’T-shirt’.  The  answer  would  be  B, 
C  and  D.  Thus,  this  relation  can  be  used  to  find  the  suppliers  or  the 
colors  of  items. 

The  DRDs  that  hold  on  the  Clothing  relation  above  are  Item^->Color 
and  Item-^Supplier.  The  DRD  Item^-^Color  means  that  an  item 
comes  in  a  certain  set  of  colors  regardless  of  the  item’s  supplier.  This 
store  sells  socks  in  white,  black,  navy  and  burgundy.  The  store 
purchases  the  socks  from  two  suppliers,  A  and  B.  Both  suppliers  carry 
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all  four  colors.  If  supplier  B  carried  only  white,  black  and  navy  socks, 
the  DRD  would  not  hold.  In  other  words,  the  pairs  of  socks  come  in 
one  set  of  colors  if  they  are  supplied  by  A  and  another  set  of  colors  if 
they  are  supplied  by  B.  However,  this  is  in  violation  of  the  statement 
that  the  item  comes  in  a  certain  set  of  colors  regardless  of  its  supplier. 

The  other  DRD,  Item->^Supplier,  means  that  an  item  is  supplied  by 
a  certain  set  of  suppliers  regardless  of  the  item's  color.  Each  of  the  four 
sock  colors  carried  by  the  store  is  supplied  by  both  A  and  B.  It  does 
not  matter  which  color  the  item  is;  the  fact  that  it  is  a  pair  of  socks 
means  that  it  is  supplied  by  suppliers  A  and  B.  If  burgundy  socks  were 
only  supplied  by  A,  the  DRD  would  not  hold.  Allowing  this  state  to 
exist  would  be  saying  that  the  socks  are  supplied  by  one  set  of  suppliers 
if  they  are  white,  black  or  navy  and  another  set  of  suppliers  if  they  are 
burgundy.  This  is  an  incorrect  state  according  to  the  statement  that  the 
item  is  supplied  by  a  certain  set  of  suppliers  regardless  of  its  color. 

An  observation  can  be  made  regarding  the  violations  of  the  two 
DRDs.  Reconsider  the  violation  of  Item->~»Color.  The  offending  state¬ 
ment  is  that  socks  come  in  white,  black,  navy  and  burgundy  if  they  are 
supplied  by  A,  and  they  come  in  white,  black  and  navy  if  they  are 
supplied  by  B.  This  statement  could  be  rephrased  to  say  that  supplier 
A  carries  white,  black,  navy  and  burgundy  socks,  and  supplier  B  carries 
white,  black  and  navy  socks.  Accordingly,  one  can  say  that  white, 
black  and  navy  socks  come  from  A  and  B.  However,  burgundy  socks 
come  from  A  only.  This  is  a  violation  of  Item-^Supplier.  Violating 
Item“^--»Color  also  violates  Item-^Supplier.  The  converse  is  also  true: 
violating  Item-^Supplier  also  violates  Item-^Color. 

Note  that  having  the  DRD  Item-^-=>Color  in  the  Clothing  relation 
requires  having  the  DRD  Item-^Supplier  as  well.  This  statement  is 
fundamental  to  the  concept  of  minimal  DRD  pairs,  to  be  introduced 
later.  In  fact,  the  concept  of  minimal  DRD  pairs  is  crucial  to  the 
process  of  creating  a  schema  that  is  based  on  DRDs  and  FDs.  The 
reason  behind  this  is  that  the  DRD  pairs  are  part  of  the  atomic 
substructure  of  the  schema. 

A  reason  that  it  is  important  to  use  DRDs  in  making  a  schema  is  that 
many  anomalies  are  avoided.  The  Clothing  relation  has  not  been  nor¬ 
malized  using  DRDs.  Thus,  one  can  expect  some  anomalies  to  exist. 
The  Item  and  Color  attributes  are  related,  and  the  Item  and  Supplier 
attributes  are  related.  However,  the  Color  and  Supplier  attributes  are 
not  related  at  all.  In  other  words,  it  would  be  absurd  to  say  that  an  item 
is  supplied  by  a  certain  set  of  suppliers  because  it  is  a  certain  color. 
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Color  and  Supplier  are  unrelated,  so  insertions,  updates,  or  deletions  of 
tuples  based  on  one  should  not  affect  the  other.  Otherwise,  anomalies 
will  result. 

Insertion  anomaly  .—Tht  first  example  of  an  anomaly  is  an  insertion 
anomaly.  If  the  clothing  store  started  carrying  beige  socks,  the  Clothing 
relation  would  need  to  reflect  this.  Suppose  the  database  operator 
inserted  the  tuple  (socks,  beige.  A).  Doing  this  alone  violates  the  DRDs 
Item-»-<^olor  and  Item-^Supplier.  To  see  why  Item^^Supplier  is  vio¬ 
lated,  notice  that  the  set  of  suppliers  is  not  the  same  for  all  colors  of 
socks.  Instead,  the  set  of  suppliers  depends  on  the  color.  As  stated 
earlier,  there  is  no  relation  between  Color  and  Supplier. 

The  database  is  in  an  inconsistent  state,  since  the  relation  contains 
information  that  violates  the  DRDs,  which  are  manifestations  of  com¬ 
pany  policy.  The  implication  is  that  either  supplier  B  does  not  carry 
beige  socks,  or  beige  socks  are  only  supplied  by  A.  If  the  database 
were  used  to  place  orders  from  suppliers,  the  store  would  not  order 
beige  socks  from  supplier  B. 

In  order  to  correct  the  violation,  the  operator  must  insert  (socks, 
beige,  B).  Having  to  insert  two  tuples  in  order  to  reflect  the  addition  of 
one  piece  of  information  is  an  example  of  an  insertion  anomaly  in  the 
database.  With  this  relation,  another  technique  such  as  a  database 
trigger  or  stored  procedure  must  be  used  in  order  to  prevent  the  incon¬ 
sistency  mentioned  earlier.  For  the  trigger  approach,  the  trigger  would 
go  through  some  complex  validation  procedures  and  automatically  insert 
the  second  tuple.  It  would  be  much  less  complex  to  make  the  DRDs  an 
integral  part  of  the  schema. 

Update  anomaly  .—The  second  example  of  an  anomaly  is  an  anomaly 
that  occurs  when  updating  the  relation.  Assume  that  the  two  tuples 
mentioned  previously  have  been  added.  Now,  the  suppliers  start  offer¬ 
ing  tan  socks  instead  of  beige  socks.  The  database  operator  attempts  to 
reflect  this  change  by  updating  the  tuple  (socks,  beige.  A)  to  (socks,  tan, 
A).  This  is  not  the  only  tuple  that  should  be  changed.  Leaving  the 
relation  in  this  state  makes  the  database  inconsistent.  This  state  implies 
that  tan  socks  are  only  supplied  by  A  and  that  beige  socks  are  only 
supplied  by  B.  Again,  both  DRDs  are  violated  as  a  result  of  the 
changed  tuple.  The  end  result  is  that  the  automatic  ordering  system 
orders  beige  socks  from  supplier  B,  and  supplier  B  replies  that  they 
cannot  furnish  beige  socks  anymore. 

Correcting  this  situation  involves  changing  (socks,  beige,  B)  to 
(socks,  tan,  B).  One  should  not  have  to  change  two  tuples  in  order  to 
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change  one  piece  of  information.  The  requirement  of  doing  so  is  an 
indication  that  the  database  has  an  update  anomaly.  A  schema  that  does 
not  have  this  anomaly  can  be  created  using  the  DRDs.  Databases 
possessing  a  DRD  would  allow  the  operator  to  update  only  one  tuple  and 
get  the  desired  result. 

Deletion  anomaly .—Tht  third  example  of  an  anomaly  involves 
deleting  things  from  the  database.  For  example,  the  store  stops  selling 
burgundy  socks.  The  operator  deletes  the  tuple  (socks,  burgundy.  A) 
from  the  Clothing  relation.  The  automatic  ordering  system  still  orders 
burgundy  socks  from  supplier  B.  The  store  ends  up  with  an  excess  of 
burgundy  socks  that  it  was  not  intending  to  sell  anymore.  The  reason 
is  that  the  tuple  (socks,  burgundy,  B)  still  exists  in  the  Clothing  relation. 
This  tuple’s  existence  goes  against  the  DRDs  that  were  specified  earlier. 
The  fact  that  burgundy  socks  are  ordered  from  supplier  B  and  not 
supplier  A  is^what  violates  the  DRDs, 

In  order  to  correct  the  inconsistent  database  state,  the  operator  should 
delete  (socks,  burgundy,  B)  from  the  Clothing  relation.  It  should  not  be 
required  for  two  tuples  to  be  deleted  when  an  item  (burgundy  socks)  is 
no  longer  sold.  Again,  a  trigger  or  other  alternative  means  would  be 
necessary  in  order  to  delete  the  extra  tuple  that  remains.  A  simpler 
method  would  be  to  structure  the  database  schema  according  to  the 
DRDs  as  well  as  any  FDs  that  hold  on  the  schema. 

Formal  properties  of  data  relatability  dependencies, — Having 
established  that  the  DRD  is  the  notation  for  representing  many-to-many 
relationships,  it  is  appropriate  to  introduce  the  Borel  algebra  for  the 
DRD.  Without  the  Borel  algebra,  the  foundations  of  the  DRD  are  not 
solidified.  The  Borel  algebra  is  the  set  of  logical  statements  by  which 
dependencies  imply  other  dependencies. 

Borel  algebra  for  data  relatability  dependencies  .—Bor  q\  algebras  have 
been  developed  for  functional  dependencies  and  multivalued  depend¬ 
encies.  The  axioms  and  theorems  for  both  FDs  and  MVDs  are  listed  in 
(Beeri  et  al.  1977).  Likewise,  a  Borel  algebra  for  data  relatability 
dependencies  is  shown.  The  following  defines  T,  A,  A  in  relation  R(0): 

Proposition  A:  F-^A  in  R  (0)  if  and  only  if  (x,,  Xj,  Xp,  x  p  + x  j-,  x  r^i, 

Xn)€R  and  (y,,  y^,  yp,  Xp.,,  Xr)eilR(AUr)  implies  that  (y,,  y^,  y  p,  Xp^,, 

X  r,  X  X  n)€  R. 

Figure  5,  Proposition  A. 

For  the  following  theorems,  let  F,  A,  A  and  ^  be  nonempty  subsets  of 
0.  Then  the  DRDs  of  a  relation  R(0)  have  the  following  properties: 

Reflexivity:  A-»-»A. 

Augmentation:  If  F-^A  and  F  £  then  ^-^A. 
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Projectability:  If  F-^A  in  R(fl)  then  F-^A'  in  any  11^(1]')  where  F  c  c 

and  A'  =  0'  n  A;^  0. 

Additivity:  If  F^-^A  and  F-^^  then  F-»~»(AU^). 

Transitivity:  If  F-»^A  and  A-^^  then 

Pseudotransitivity:  If  F-^A  and  (AUA)-^T^  then  (FUA)-»-^^. 

Figure  6.  DRD  Properties. 

Data  Relatability  Dependencies  and  Decomposability 

Minimal  DRD  pairs  and  minimal  decompositions  .—Tht  concept  of  the 
minimal  DRD  pair  is  essential  for  making  a  schema  design  algorithm 
that  is  based  on  DRDs.  Consider  the  pair  of  DRDs  and  F-^^A, 

where  A  =  R-A-F.  The  DRDs  constitute  a  minimal  DRD  pair  because 
F”«A  implies  that  F-^A. 

In  order  to  discuss  a  way  of  designing  a  schema  that  is  based  on 
DRDs,  an  algorithm  for  splitting  relations  according  to  DRDs  is 
required.  An  algorithm  is  presented  in  the  following: 

DRD-Based  Decomposition  Algorithm: 

Given  a  set  of  nonseparable  relations  E  =  {R,,  Rj,  ...,  Rn}>  where  R,  is  over  attribute 
set  U|,  R2  over  Qjj  •••»  Rn  ^  couple  the  relations  with  the  set  of  DRDs  that  hold 
on  them.  Next,  assume  that  relation  Rj  has  a  three  element  partition  {Ai,Fi,Ai}  over 
B  i,  where  F  j  and  F  j-^-^A  Thus,  a  minimal  DRD  pair  exists.  As  a  step  in 

decomposing  the  scheme,  replace  R^  in  E  with  the  pair  FlAiUIlRi)  ^^d  11  FiUAi  (Ri)- 

Figure  7.  DRD-Based  Decomposition  Algorithm. 

A  couple  of  definitions  regarding  minimal  decompositions  are 
necessary.  Minimal  decomposition  sequence  and  minimal  decomposition 
are  defined  in  the  following: 


Definition  7.  A  minimal  decomposition  sequence  is  a  sequence  of  steps  in  a  minimal 
decomposition. 

Figure  8.  Definition  of  Minimal  Decomposition  Sequence. 

Definition  8.  A  minimal  decomosition  of  E  is  a  set  of  relations  that  are  created  by  a 
succession  of  minimal  decomosition  steps. 

Figure  9.  Definition  of  Minimal  Decomposition. 

DRD-based  tree  construction  approach  to  schema  design.— k  way  of 
approaching  the  decomposition  task  is  to  use  a  tree  construction 
approach.  With  a  tree  construction  approach,  the  decomposition  is 
created  using  dependencies  to  create  a  directed,  unordered  tree.  Each 
dependency  forms  a  relation  scheme  that  will  be  in  the  final  schema. 
Each  branching  point  or  nonterminal  node  represents  a  step  in  the 
decomposition  sequence  where  a  new  relation  scheme  is  created.  A 
relation  scheme  at  a  terminal  or  leaf  node  is  based  on  the  dependency 
named  at  the  nonterminal  node  just  above  it.  The  process  is  illustrated 
as  follows: 
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(Cust#,  C 


(Cust#,  Model,  ModQnty) 

Figure  10.  Tree  Decomposition  Approach, 


(Cust#,  Tech#) 


Each  node  in  the  tree  is  a  step  in  the  minimal  decomposition 
sequence.  Each  terminal  node  is  a  relation  scheme  that  will  be  in  the 
final  schema.  Therefore,  the  set  of  terminal  nodes  becomes  the  atomic 
decomposition  of  the  original  relation  scheme.  The  tree  construction 
approach  uses  the  dependencies  to  determine  the  final  schema.  The  end 
result  is  a  minimal  decomposition  of  the  original  relation. 

This  decomposition  has  fewer  anomalies  than  a  decomposition  that  is 
not  minimal.  Anything  that  applies  to  the  decomposition  of  one  relation 
scheme  applies  to  the  decomposition  of  multiple  relation  schemes.  In 
fact,  the  decomposition  of  a  set  of  relations  is  done  by  creating  a  forest 
of  trees  such  as  the  one  above. 

The  attributes  in  the  original  relation  scheme  for  the  above  decom¬ 
position  are  Cust#,  CustName,  Model,  ModQnty,  Tech#  and  TechName. 
These  attributes  are  to  be  used  in  a  database  that  keeps  track  of  custo¬ 
mers,  the  customers’  computers  and  the  technicians  that  service  the 
computers.  The  set  of  dependencies  that  hold  on  the  original  relation 
scheme  is  shown  below. 

(Dl:  Cust^-KIlustName, 

D2:  Tech^-»TechName, 

D3:  Cust#-»Model  ModQnty, 

D4:  Cust^  Model-9>ModQnty, 
and  Cust#  Model-^ustName  Tech#  TechName, 

D5:  Cust#-^Tech#  TechName} 

However,  it  can  be  seen  that  Dl  and  D5  imply  D4  by  the  algorithm  that 
determines  if  a  dependency  is  irreducible. 

The  decomposition  in  Figure  10  has  the  following  structure  that  is 
depicted  in  Figure  1 1 . 


•— 

TechName 


CustName 


Tech# 


Figure  11,  Relationships  Among  Attributes  in  the  Decomposition, 
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The  diagram  in  contains  all  of  the  attributes  in  the  database  schema. 
The  connecting  lines  show  how  each  attribute  in  the  schemes  relate, 
based  upon  the  final  schema  that  was  obtained.  Cust^  and  CustName 
are  in  one  scheme,  and  they  are  connected  by  a  line.  They  are  indeed 
related,  and  the  FD  Cust#-^ustName  is  the  way  in  which  they  are 
related.  Similar  statements  can  be  made  about  Cust^  and  Tech#  and 
Tech#  and  TechName. 

The  cluster  that  is  formed  by  Cust#,  Model  and  ModQnty  represents 
the  relationship  among  the  three  attributes.  These  three  attributes 
constitute  one  relation  scheme  in  the  schema.  All  of  the  attributes  are 
related  in  some  way  to  one  another.  If  they  are  not  related  directly, 
they  are  related  indirectly.  In  the  schema  construction  process,  all  of 
the  minimal  DRD  pairs  were  used  when  they  were  applicable.  An 
original  set  of  dependencies  is  applicable  to  a  subrelation  when  the 
projectability  law  of  DRDs  is  satisfied.  The  projectability  law  for  DRDs 
is  reiterated  below. 

r-^A  is  applicable  to  11  ^'(R)  only  if  TCW  and  ADQ'  =A'  0 .  Then  11  (]'(R)  is 

decomposed  to  F-^A'. 

Therefore,  it  can  be  seen  that  a  schema  design  algorithm  exists  for 
DRDs.  It  is  a  constructive  or  synthesis  approach  to  schema  design. 
This  approach  has  fewer  disadvantages  than  does  the  decomposition 
approach.  The  algorithm  generates  a  schema  that  is  based  on  a  structure 
of  atomic  relations.  That  is,  each  relation  scheme  in  the  schema  is  a 
minimal  relation.  Certain  schemes  that  are  not  minimal  are  made  so 
through  the  use  of  minimal  DRD  pairs.  These  minimal  DRD  pairs 
allow  the  database  designer  to  extract  the  exact  relationships  among 
attributes.  The  many-to-many  relationships  no  longer  go  ignored,  so 
fewer  anomalies  result  in  the  final  database  schema. 

Major  benefits  of  data  relatability  dependency  based  schema 
design. — Note  that  while  two  database  models,  FD/MVD  versus 
DRD-based,  may  be  equivalent  as  far  as  the  content  of  the  database  is 
concerned  (query  equivalence  or  storage  equivalence),  only  the 
DRD-based  schema  will  always  be  complete  from  the  standpoint  of  the 
logical  definition  of  the  data.  The  design  of  a  database  schema  can 
therefore  be  attacked  from  the  point  of  view  of  complete  relatability 
even  when  many-to-many  relationships  between  attributes  are  concerned. 

For  instance,  the  universal  relation  scheme  for  the  compact  disc 
database  as  depicted  in  Table  4  on  page  87,  can  be  decomposed  using 
FDs  alone  or  using  FDs  and  MVDs  only.  However,  the  complete 
relationship  is  not  defined  by  the  resulting  schema  in  either  case.  The 
particular  relationships  which  are  not  completely  defined  include  both 
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the  relationship  between  CDNo  and  Performance  and  the  relationship 
between  Song  and  Per- former.  These  are  many-to-many  relationships, 
and  they  are  represented  with  DRDs. 

Designing  an  alternative  database  schema  using  FDs  alone  will  result 
in  a  schema  that  is  based  on  the  FDs.  Only  the  one-to-one  relationships 
are  taken  into  account.  The  designer  obtains  a  result  similar  to  the 
following  schema: 

CDs  {CDNo,  CDTitle) 

Compositions  (Song,  Composer,  Composition) 

However,  the  designer  notices  that  the  answers  to  what  compositions  are 
on  a  CD  and  vice  versa  are  not  obtainable  with  this  schema.  So, 
another  scheme  is  added  to  the  schema  to  remedy  this  problem: 

^  CDCompositions  {CDNo,  Composition) 

The  last  scheme  is  added  as  a  solution  to  the  problem  of  not  being 
able  to  answer  a  query  that  is  based  on  a  many-to-many  relationship. 
The  designer  is  adding  this  schema  because  it  is  required  for  answering 
this  type  of  query.  However,  since  DRDs  are  not  used  in  the  design 
process,  the  many-to-many  relationship  is  not  explicitly  defined. 
Whether  or  not  a  many-to-many  relationship  is  represented  in  a  schema 
designed  with  FDs  depends  on  the  designer’s  recognizing  such  a  rela¬ 
tionship  within  the  framework  of  the  one-to-one  relationships.  Even 
when  the  relationship  is  taken  into  account  within  the  context  of  FDs, 
the  DRDs  are  not  stated.  Rather,  they  are  implied.  Thus,  the  many- 
to-many  representation  is  extrinsic  to  the  definition  of  the  database.  It 
must  be  enforced  through  external  means  such  as  procedures  or  triggers. 

The  same  idea  applies  to  designing  the  schema  using  FDs  and  MVDs 
only.  MVDs  represent  one-to-many  relationships.  Thus,  the  symmetry 
of  the  many-to-many  relationship  between  CDNo  and  Composition  is  not 
preserved  when  one  attempts  to  use  MVDs.  With  DRDs,  the  relation¬ 
ship  is  explicitly  stated  as  a  DRD.  This  DRD  can  be  directly  translated 
into  a  scheme.  DRD-based  schema  design  defines  the  logical  structure 
of  the  data  more  completely  than  FD/MVD-based  schema  design  does. 

DRD-Based  schema  design  and  the  decornposability  theorem.— 
s  statements  can  be  made  regarding  DRDs: 

•  The  logical  structure  of  a  database  can  be  analyzed  using  the  concept  of  data 
relatability  dependence. 

•  A  schema  that  ensures  complete  data  relatability  can  be  constructed,  using  the 
combined  formal  properties  of  DRDs  and  FDs. 

Therefore,  a  DRD-based  schema  design  algorithm  is  a  way  of  design¬ 
ing  a  database  schema  in  which  the  relationships  are  explicitly  stated. 
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A  DRD-based  schema  design  is  completely  data  relatable.  The  first  step 
toward  the  schema  design  algorithm  is  to  verify  that  the  presence  of  a 
DRD  in  a  scheme  guarantees  the  scheme’s  decomposability.  The  two 
propositions,  B  and  C,  are  combined  into  the  decomposability  theorem, 
which  is  stated  as  follows: 

Decomposability  Theorem:  Given  {A,r,A}  a  three  element  partition  of  fi,  F-^A  in  R(fi) 
if  and  only  if  R(fi)  =  nR(AUr)  |x|  nR(rUA).  In  other  words,  the  presence  of  a 
nontrivial  DRD  in  a  relation  R(Q)  is  both  a  sufficient  and  a  necessary  condition 

for  its  decomposability. 

Figure  12.  Decomposability  Theorem. 

A  Schema  Design  Algorithm 

An  important  step  in  creating  an  algorithm  for  designing  a  schema  is 
to  select  a  method.  An  algorithm  may  employ  either  the  synthesis  or  the 
decomposition  approach.  An  example  of  the  synthesis  method  is  the 
3NF  algorithm  that  translates  FDs  into  relation  schemes.  An  example 
of  the  decomposition  approach  is  the  BCNF  decomposition  algorithm, 
where  a  universal  relation  scheme  is  broken  down  into  smaller  relation 
schemes. 

Comparison  of  schema  design  methods.— Both  methods  for  designing 
database  schemata  have  limitations.  Below  is  a  comparison  of  the  two 
schema  design  methods. 

Synthesis  method  limitations.— A  disadvantage  of  the  synthesis  method 
is  that  a  schema  may  not  have  the  lossless  join  characteristic.  The  de¬ 
composition  method  always  creates  a  lossless  join  schema.  The  problem 
with  the  synthesis  approach  occurs  when  no  scheme  contains  a  superkey 
for  the  universal  relation  scheme.  It  is  important  for  at  least  one  scheme 
to  have  a  superkey  for  the  universal  relation  because  it  is  a  requirement 
of  the  lossless  join  property.  This  problem  can  be  solved,  however,  by 
taking  an  extra  step  in  the  synthesis  process  (Maier  1983). 

Decomposition  method  limitations. — The  decomposition  process  has 
five  disadvantages.  The  first  disadvantage  is  that  it  may  take  longer  than 
polynomial  time  to  complete.  The  reason  is  that  the  number  of  keys  for 
a  universal  relation  scheme  may  be  exponential.  Two  determining 
factors  are  the  size  of  the  scheme  and  the  FDs  that  hold  on  the  scheme. 
The  time  problem  is  exacerbated  by  the  fact  that  finding  nonprime 
attributes,  a  necessary  step  in  the  process,  is  NP  complete  (Maier  1983). 

The  second  disadvantage  is  that  the  process  may  generate  a  schema 
that  has  an  excessive  number  of  schemes.  The  number  of  schemes  is 
excessive  if  a  schema  with  fewer  schemes  is  also  in  the  desired  normal 
form.  Both  schemata  are  in  the  normal  form,  but  the  one  that  has  fewer 


CAVANAUGH  &  KING 


101 


schemes  is  preferable.  Sometimes,  applying  the  process  with  the  FDs 
in  a  different  order  gives  a  schema  with  fewer  schemes  (Maier  1983). 

The  third  disadvantage  is  that  partial  dependencies  can  enter  into 
schemes  during  decomposition.  Partial  dependencies  cause  the  need  for 
further  decomposition.  Decomposing  creates  more  schemes  which  may 
lead  to  a  schema  that  has  more  schemes  than  are  actually  necessary. 
The  way  to  correct  the  problem  is  to  ensure  that  no  extraneous  inter¬ 
mediate  attributes  exist  in  the  transitive  dependencies.  Intermediate 
attributes  are  the  means  by  which  a  set  of  attributes  is  transitively 
dependent  on  another  set.  Only  those  intermediate  attributes  that  are 
required  for  a  transitive  dependency  may  remain  as  intermediate 
attributes  (Maier  1983). 

The  fourth  disadvantage  is  that  the  schema  may  have  transitive 
dependencies  hidden  in  some  of  the  schemes  that  are  produced  by  the 
process.  A  scheme  may  have  an  obvious  dependency  in  which  an  attri¬ 
bute  set  is  dependent  on  an  attribute  set  that  is  the  key.  On  closer 
inspection,  a  transitive  dependency  may  be  found.  The  determined 
attribute  set  is  transitively  dependent  on  the  key  as  well  (Maier  1983). 

The  fifth  disadvantage  is  that  the  FDs  of  the  universal  scheme  are  not 
necessarily  preserved  in  a  schema  that  is  generated  by  the  decomposition 
algorithm.  The  FDs  that  are  not  preserved  cannot  be  applied  to  any 
scheme.  An  undesirable  situation  occurs  when  an  FD  that  is  in  the 
original  scheme  cannot  be  checked  in  a  single  scheme.  One  cannot 
ensure  that  the  schema  will  meet  the  original  requirements  set  forth  by 
the  FDs.  A  way  of  determining  if  an  FD  is  preserved  is  to  take  the 
closure  of  the  set  of  FDs  relative  to  the  generated  schemes.  If  the  FD 
is  in  the  closure,  then  it  is  preserved  (Maier  1983). 

A  DRD-based  schema  design  algorithm.— ThQ  DRD-based  design 
algorithm  employs  the  synthesis  approach.  The  synthesis  algorithm  uses 
the  tree  construction  approach  discussed  in  this  paper.  The  FD-gener- 
ated  schemata  are  separate  from  the  schemata  are  formed  from  the 
DRDs.  The  following  algorithm  will  obtain  a  completely  data  relatable 
database  schema: 

DRD-Based  Schema  Design  Algorithm: 

1 .  Ensure  that  the  database  is  in  3NF. 

2.  Use  the  DRD-based  decomposition  algorithm  shown  in  Figure  7  (page  96). 

Figure  13.  DRD-Based  Schema  Design  Algorithm. 

A  sample  database  schema.— As  an  example,  a  database  that  is  not 
completely  data  relatable  is  as  follows: 
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Item 

Price 

Dealer 

Dloc 

Color 

XYZ  car 

$15,000 

Southern 

4323  Main 

White 

XYZ  car 

$15,000 

Southern 

4323  Main 

Red 

XYZ  car 

$15,000 

Northern 

2730  Loop  572 

White 

XYZ  car 

$15,000 

Northern 

2730  Loop  572 

Red 

XYZ  pickup 

$13,500 

Southern 

4323  Main 

Silver 

XYZ  pickup 

$13,500 

Southern 

4323  Main 

Red 

XYZ  pickup 

$13,500 

Northern 

2730  Loop  572 

Silver 

XYZ  pickup 

$13,500 

Northern 

2730  Loop  572 

Red 

ABC  pickup 

$12,500 

Eastern 

368  Industrial 

Blue 

ABC  pickup 

$12,500 

Eastern 

368  Industrial 

Silver 

Table  9.  A  Database  that  is  not  Completely  Data  Relatable. 


It  keeps  track  of  the  car  models  that  are  sold  at  various  dealers  in 
town.  It  is  simplified  for  illustrative  purposes.  The  universal  scheme 
U  is  (Item,  Price,  Dealer,  DLoc,  Color).  The  set  of  dependencies  H  is 
{Item-^Price,  Dealer-^DLoc,  Item->-^Color,  Item^-^Dealer} .  {Item, 
Dealer,  Color}  is  a  candidate  key  for  U. 

The  FD  Item-^Price  means  that  the  same  item  can  only  have  one 
price.  The  FD  Dealer->DLoc  means  that  a  dealer  can  only  be  located 
in  one  place  (assuming  the  name  is  unique).  The  DRD  Item^-^Color 
represents  the  fact  that  the  item  only  comes  in  a  certain  set  of  colors, 
regardless  of  the  dealer.  The  DRD  Item^-^Dealer  shows  that  an  item 
only  is  sold  at  a  certain  set  of  dealers,  regardless  of  its  color. 

Additional  meaning  can  be  inferred  from  the  two  DRDs.  Item-^^ 
Color  implies  that  one  is  able  to  go  to  any  XYZ  dealership  and  order  or 
buy  an  XYZ  car  in  any  color  in  which  it  comes.  Item^->Supplier 
implies  that  one  can  get  an  XYZ  car  from  any  XYZ  dealer  regardless 
of  the  car’s  color.  One  cannot  go  to  the  dealer  "Eastern"  and  get  a 
XYZ  pickup  in  any  color. 

Characteristics  of  the  database  a  special  characteristic  of  this 

type  of  database.  A  dealer  sells  one  or  more  items.  On  the  other  hand, 
the  same  kind  of  item  may  be  sold  by  more  than  one  dealer.  A  many- 
to-many  relationship  exists  between  dealers  and  items  because  of  these 
associations.  In  addition,  an  item  may  come  in  more  than  one  color, 
and  many  items  can  come  in  the  same  color.  The  mappings  among 
Dealer,  Item  and  Color  is  shown  as  follows: 


Dealer 

Southern 

Item 

Cobr 

n/rt  - 

car 

w  fute 

Northern 

XYZ  pickup 

^^Red 

Eastern 

ABC  pickup 

SiKer 

Figure  14.  Mappings  Dealer,  Item  and  Color. 
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It  is  also  important  to  notice  that  the  set  of  colors  for  an  item  depends 
only  on  the  item. 

Mappings  present  in  the  database. —Let  A  =  {Dealer,  Item}  and 
B  =  (Color).  Let  r  be  a  tuple  from  relation  U,  where  r[A]  is  the 
concatenated  set  of  value  assignments  of  A  for  r.  The  set  of  B  values 
(items)  associated  with  r[A]  is  MB(r[A]).  Below  are  some  mappings  that 
are  relevant  to  the  discussion  of  data  relatability  dependencies: 

MB(Southern,  XYZ  car)  =  { (Red),  (White)}. 

MB(Northern,  XYZ  car)  =  {(Red),  (White)}. 

M^^Eastern,  ABC  pickup)  =  {(Silver),  (Blue)}. 

Once  the  database  is  completely  data  relatable,  two  separate  relations 
are  used  to  hold  the  information.  The  Colors  relation  shows  the  item 
and  the  color.  The  Item-Dealer  relation  shows  the  item  and  the  dealer. 
A  relation  called  Price  contains  the  items  and  their  prices.  The  Dealers 
relation  shows  the  dealers  and  their  locations.  The  many-to-many 
relationship  between  item  and  color  is  preserved  in  the  Colors  relation. 
Likewise,  the  same  type  of  relationship  between  item  and  dealer  is 
contained  in  the  Dealers  relation. 

Anomaly  reduction  in  the  completely  data  relatable  database 
schema. — One  could  add  maroon  and  white  to  the  colors  in  which  an 
ABC  pickup  is  available.  Only  two  tuples  need  to  be  added  to  the 
Colors  relation:  (ABC  pickup.  Maroon)  and  (ABC  pickup.  White). 
Inserting  these  tuples  does  not  violate  any  constraints  of  the  database. 
Along  these  lines,  one  could  insert  a  new  item  and  its  dealer(s)  into  the 
Dealers  relation.  If  the  colors  in  which  it  comes  are  not  yet  known,  one 
simply  does  not  insert  a  tuple  into  the  Colors  relation. 

One  could  delete  the  last  color  in  which  an  item  comes  and  still  retain 
which  dealers  sell  the  item.  The  database’s  being  completely  data 
relatable  reduces  the  number  and  variety  of  anomalies  that  could  occur 
when  changing  the  database  in  some  way. 

Conclusions 

This  study  describes  the  data  relatability  dependency  and  its 
properties.  Its  ability  to  represent  many-to-many  relationships  exceeds 
those  of  functional  dependencies  and  multivalued  dependencies.  The 
criterion  of  complete  data  relatability  is  used  in  determining  the  merit  of 
a  schema  that  is  designed  from  data  relatability  dependencies.  The 
degree  of  control  over  update  anomalies  is  a  major  advantage  of  the  data 
relatability  dependency  based  decomposition.  This  level  of  control  is 
higher  than  those  of  functional  dependency  and  multivalued  dependency 
based  database  schema  designs. 
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The  data  relatability  dependency  is  a  necessary  and  sufficient 
condition  for  a  relation’s  decomposability.  A  schema  design  algorithm 
is  created  based  on  this  condition.  Future  directions  for  research  in  data 
relatability  dependencies  include  further  development  of  the  analytical 
foundation  for  the  schema  design  algorithm. 
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GENERAL  NOTE 

A  RECORD  OF  THE  TERRESTRIAL  FLATWORM 
BIPALIUM  KEWENSE  (TURBELLARIA:  BIPALIDAE) 
FROM  WEST-CENTRAL  TEXAS 

John  Beatty 

Department  of  Biology,  Angelo  State  University 
San  Angelo,  Texas,  76909 


The  land  planarian,  Bipalium  kewense  Moseley,  occurs  sporadically 
in  southeast  Texas  and  has  been  reported  from  several  southeastern 
counties  (Neck  1987;  Harrel  et  al.  1994).  The  current  most  western 
reported  location  of  B.  kewense  in  Texas  is  from  Gormon  Falls  State 
Park  in  San  Saba  County  (Neck  1987).  Several  field  trips  to  the  South 
Concho  River  low- water  crossing  area  in  Christoval,  Texas  have 
revealed  the  presence  of  an  established  population  of  B.  kewense  in  this 
area.  In  September  of  1995  a  single,  large  specimen  was  observed 
crawling  along  the  ground,  but  was  not  collected  at  this  time.  Addi¬ 
tional  observations  and  collections  were  made  in  October  of  1995  and 
again  during  October  of  1996  and  1997.  This  report  represents  the  first 
record  of  B.  kewense  from  an  apparent,  established  population  in  west- 
central  Texas,  and  extends  the  distribution  188  km  west  from  other 
published  Texas  records.  Voucher  specimens  are  deposited  with  the 
holdings  of  the  United  States  National  Museum  of  Natural  History 
(USNM)  in  Washington,  D.  C. 

Bipalium  kewense  Moseley 

Material  examined.— Low  water  crossing  area  of  the  South  Concho 
River  in  Cristoval,  Tom  Green  County,  Texas,  October  1997,  three 
specimens  deposited,  (USNM  179688).  Specimens  deposited  measured 
7,  8,  and  11  cm  in  length. 

Habitat. — The  low  water  crossing  area  at  the  South  Concho  River  in 
Christoval  is  a  riparian  habitat  and  is  atypical  of  west-central  Texas. 
This  area  is  subject  to  frequent  flooding  because  of  its  proximity  to  the 
river  which  allows  it  to  remain  moist  for  most  of  the  year.  Specimens 
were  collected  from  under  moist,  rotting  wood  or  observed  crawling 
along  the  ground. 
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Remarks. — During  a  second  field  trip  in  October  of  1995,  nine 
individuals  were  found  under  rotting  debris,  and  all  were  coiled  in  a 
mucous  cocoon.  Two  specimens  were  collected  and  preserved  in  70% 
ethanol.  Only  one  specimen  was  collected  in  late  October  of  1996,  and 
it  was  fixed  according  to  the  procedure  in  Harrel  et  al.  (1994).  In 
October  of  1997  six  specimens  were  collected  from  this  area;  four  were 
preserved  in  70%  ethanol,  and  two  fixed  according  to  Harrel  et  al. 
(1994).  Although  collecting  trips  were  made  throughout  the  year, 
specimens  were  only  observed  or  collected  in  September  and  October  of 
all  three  years.  No  doubt  this  is  due  to  these  two  months  receiving  the 
greatest  amount  of  rain  for  the  year.  Specimens  collected  over  the  three 
year  period  ranged  between  1  and  15  cm  in  length. 

It  is  not  possible  to  determine  the  origin  of  this  population  of 
Bipalium  kewense  at  this  time.  This  species  is  known  to  be  transported 
on  the  roots  and  soil  of  exotic  plants  (Winsor  1983).  Bipalium  kewense 
is  considered  to  be  a  pest  in  some  areas  since  it  feeds  on  earthworms 
(Winsor  1983).  Neck  (1987)  and  Harrel  et  al.  (1994)  previously  report¬ 
ed  on  distributions,  descriptions,  and  observations  of  B.  kewense  in 
Texas. 
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AN  ICHTHYOLOGICAL  SURVEY  OF 
THE  DAVY  CROCKETT  NATIONAL  FOREST,  TEXAS 

Jess  P.  Kelly 

Department  of  Biology,  Box  13003 
Stephen  F.  Austin  State  University,  Nacogdoches,  Texas  75962 
Present  Address: 

Department  of  Biology,  Box  97388 
Baylor  University,  Waco,  Texas  76798-7388 

Abstract. — Fish  communities  often  streams  in  the  Davy  Crockett  National  Forest  were 
sampled  for  12  months  in  1994  and  1995.  Fish  assemblages  were  identified  and  subjected 
to  the  Index  of  Biotic  Integrity  (IBI)  and  various  biological  indices  to  estimate  stream  quality. 
The  SAS®  program  was  used  to  perform  a  cluster  analysis,  Friedman’s  two-way  ANOVA, 
and  Spearman’s  Rank  Correlation  to  show  variances  in  diversity  and  fish  assemblages 
between  streams.  The  species  list  was  highly  diverse  and  included  some  uncommon  species. 
Eight  of  the  ten  study  streams  were  similar  in  quality  to  Piney  Creek,  the  least  impacted 
stream  of  the  ecoregion.  Water  quality,  anthropogenic  influence  and  impact  were  inferred 
for  each  stream  and  compared  to  the  results  of  a  concurrent  physical/chemical  survey. 


The  Davy  Crockett  National  Forest  is  one  of  four  national  forests  in 
Texas  and  includes  several  streams  within  and  around  its  boundaries. 
Increased  land  use  near  the  streams  and  increased  stream  use  by  patrons 
of  the  forest  necessitates  monitoring  of  stream  quality. 

The  primary  objective  of  this  study  was  to  estimate  quality  and 
environmental  stress  levels  of  the  ten  study  streams  based  on  character¬ 
istics  of  the  fish  community.  To  do  this,  the  Index  of  Biotic  Integrity, 
Shannon’s  diversity  index,  Margalef  Richness  and  Pielou’s  Evenness 
were  calculated  for  the  fish  communities  to  estimate  impact  on  each 
study  stream.  Secondary  objectives  were  to  compile  a  species  list  for 
the  study  streams  and  develop  baseline  data  for  future  studies  in  the 
Davy  Crockett  National  Forest.  U.S.  Forest  Service  personnel  lacked 
data  for  eight  of  the  ten  study  streams.  Only  Piney  Creek,  the  least 
impacted  stream  of  the  ecoregion,  had  been  intensively  studied 
(Twidwell  et  al.  1992),  and  studies  of  Lynch  Creek,  an  intermittent 
tributary  of  Piney  Creek,  were  limited. 

Methods 

For  this  study,  the  U.S.  Forest  Service  chose  ten  streams  located  in 
the  National  Forest.  These  streams  are  described  extensively  in  Kelly 
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(1996)  which  includes  color  photographs  of  each  site.  One  sample  site 
>100  m  in  length  (EPA  1989)  was  designated  for  each  stream.  Each 
site  contained  at  least  one  riffle,  run  and  pool  because  combined  samples 
of  fish  occupying  these  habitat  types  best  represent  the  overall  stream. 
When  possible,  the  sites  were  chosen  upstream  from  the  nearest  road  to 
reduce  anthropogenic  influences  such  as  dumping  and  hydraulic  scour 
due  to  channelization. 

Fish  samples  were  collected  by  combining  electrofishing  and  seining. 
Samples  were  taken  every  three  months  from  May  1994  to  May  1995 
to  reveal  seasonal  variation  among  the  streams  compared  to  the  Piney 
Creek  study  (summer  only)  by  Twidwell  et  al.  (1992).  Seines  were  used 
in  each  habitat  type  until  no  new  species  were  noted.  At  least  three 
hauls  were  taken  at  each  site.  Seining  was  hindered  by  submerged 
stumps  and  structure,  as  well  as  depth.  Seined  fish  were  held  in  an 
aerated  container  to  prevent  pseudoreplication  during  subsequent 
electrofishing. 

Each  site  was  electrofished  after  seining.  A  Coffelt  BP- 1C  backpack 
shocker  and  dipnets  were  used  to  capture  fish.  A  seine  was  placed 
downstream  of  the  sample  area  to  collect  disoriented  fishes  that  were  not 
visible  initially.  Ten-second  shock  bursts  reduced  the  chance  of  verte¬ 
bral  compression  injuries  commonly  associated  with  electrofishing.  Low 
conductivity  and  moderate  to  high  turbidity  were  the  main  factors  limit¬ 
ing  electrofishing.  Fish  captured  by  electrofishing  were  combined  with 
the  seined  fish.  In  the  field,  specimens  were  examined,  measured  and 
released.  If  a  fish  could  not  be  identified  in  the  field  or  had  died,  it  was 
preserved  in  a  10%  buffered  formaldehyde  solution.  Preserved  samples 
were  returned  to  the  lab  for  identification.  Voucher  specimens  were  re¬ 
tained  for  each  species  and  are  currently  housed  at  the  Baylor  University 
Aquatic  Biology  fish  collection  under  the  author’s  direction. 

Data  for  the  fish  assemblages  were  compiled  in  the  lab  and  the  IBI 
(EPA  1986),  Shannon  diversity  (Shannon  &  Weaver  1949),  Pielou 
evenness  (Pielou  1966)  and  Margalef  richness  (Margalef  1968)  were 
calculated.  The  Wilhm  &  Dorris  (1968)  interpretive  scales  were  used 
to  interpret  richness  and  Shannon  diversity  results.  Trophic  and 
tolerance  classifications  for  the  IBI  were  based  on  the  criteria  of  Linam 
&  Kleinsasser  (1989)  and  the  EPA  (1986;  1989).  IBI  and  various 
biodiversity  values  were  then  compared  to  those  of  the  Piney  Creek 
study  (Twidwell  et  al.  1992)  to  determine  water  quality  variation  among 
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streams  and  estimate  seasonality  in  assemblages  and  index  values. 

Similarity  of  fish  assemblages  among  streams  was  determined  by 
cluster  analyses  (SAS®  1988).  A  Friedman’s  two-way  ANOVA  by  ranks 
(SAS®  1988)  was  used  to  determine  if  Shannon  diversity  values  varied 
among  streams  and  among  seasons.  A  nonparametric  Spearman’s  Rank 
Correlation  (SAS®  1988)  was  used  to  determine  if  the  quality  assess¬ 
ments  of  the  IBI  and  Shannon  diversity  index  agreed  among  streams. 
All  statistical  analyses  were  conducted  at  a  =  0.05  as  recommended  by 
a  statistical  consultant. 

Results  from  a  concurrent  physical/chemical  survey  by  McGown 
(1996)  were  compared  to  optimum  conditions  for  fish  development  as 
described  in  Boyd  (1990). 


Results 

A  total  of  2,867  individual  fish  representing  53  species  were 
examined  (Table  1).  The  trophic  structure  of  these  fish  communities 
was  invertivores  81.2%,  piscivores  8.1%,  omnivores  3.8%  and  non¬ 
feeding  adult  lampreys  6.9%.  The  blackspotted  topminnow  (Fundulus 
olivaceous)  and  the  western  mosquitofish  {Gambusia  affinis)  were  the 
most  abundant  species  (261  individuals  of  each  species).  Thus,  each 
constituted  9.2%  of  the  total  catch.  The  most  abundant  sunfish  was  the 
bluegill  (Lepomis  macrochirus) .  The  most  abundant  minnow  was  the 
blackspot  shiner  (Notropis  atrocaudalis) ,  and  the  most  abundant  darter 
was  the  dusky  darter  {Percina  sciera). 

The  IBI,  Shannon  diversity  index,  richness  and  evenness  were  calcu¬ 
lated  for  the  study  streams  (Table  2).  Piney  Creek,  the  reference 
stream,  had  the  highest  mean  IBI.  Alabama  Creek,  Austin  Branch, 
Camp  Creek,  Cochino  Bayou,  Hager  Creek  and  Hickory  Creek  had 
mean  IBI  scores  in  the  fair-to-good  category.  Hackberry  Creek,  Lynch 
Creek  and  Sandy  Creek  had  mean  IBI  scores  in  the  Fair  category  (EPA 
1989).  Mean  Shannon  diversity  values  were  high  (>  2.8)  for  all 
streams  regardless  of  season. 


Discussion 

Alabama  Creek. — Fish  assemblages  from  Alabama  Creek  were  similar 
to  the  forest  assemblage;  27  of  53  species  identified  occurred  in 


Table  1.  A  list  of  fish  species  caught  in  the  Davy  Crockett  National  Forest,  1994-1995,  is  shown  with  trophic  and  tolerance  classifications, 
numbers  captured  and  location  of  occurrence.  (Ala  =  Alabama  Creek,  Aus  =  Austin  Branch,  Cam  =  Camp  Creek,  CB  =  Cochino  Bayou, 
Hak  =  Hackberry  Creek,  Hag  =  Hager  Creek,  Hik  =  Hickory  Creek,  Lyn  =  Lynch  Creek,  Pin  =  Piney  Creek,  San  =  Sandy  Creek). 
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Table  2.  The  mean  annual  IBI,  Shannon  diversity  (H),  richness  (R)  and  evenness  (E)  are 
shown  for  selected  streams  of  the  Davy  Crockett  National  Forest,  Texas,  1994-1995. 


Stream 

IBI 

Integrity  Class 

H 

R 

E 

Piney  Creek 

50 

Good 

3.614 

3.642 

0.899 

Cochino  Bayou 

48 

Good 

3.620 

4.308 

0.846 

Hager  Creek 

47.5 

Fair-to-Good 

3.441 

3.360 

0.900 

Hickory  Creek 

47 

Fair-to-Good 

3.879 

4.278 

0.913 

Camp  Creek 

47 

Fair-to-Good 

3.783 

4.283 

0.908 

Alabama  Creek 

46 

Fair-to-Good 

3.402 

3.560 

0.840 

Austin  Branch 

45 

Fair-to-Good 

3.186 

3.303 

0.793 

Hackberry  Creek 

42.5 

Fair 

2.936 

2.660 

0.813 

Sandy  Creek 

41 

Fair 

3.313 

3.308 

0.884 

Lynch  Creek 

40.7 

Fair 

2.846 

3.168 

0.740 

Alabama  Creek. 

Of  the 

total  fishes  captured. 

11.4%  (324) 

were 

collected  from  this  creek.  The  blackspotted  topminnow  {Fundulus 
olivaceous)  and  the  western  mosquitofish  {Gambusia  qfflnis)  were  the 
predominant  species.  Alabama  Creek  contained  all  10  sunfish  species 
captured  throughout  the  study  area. 

IBI  scores  ranged  from  44  to  48;  all  ranked  fair-to-good  or  good. 
The  small  deviation  in  IBI  scores  indicates  a  stable  community.  Large 
deviations  indicate  poor  sites  which  exhibit  declining  stability  in  fish 
community  structure  (Karr  et  al.  1986).  Biodiversity  results  were  high, 
with  a  mean  Shannon  diversity  of  3.402.  Mean  richness  (3.56)  and 
evenness  (0.84)  further  suggest  lack  of  impact.  Invertivores  dominated: 
invertivores  92.6%,  piscivores  6.9%  and  omnivores  0.6%.  Individuals 
classified  as  tolerant  species  (88)  outnumbered  those  of  intolerant  species 
(76).  Water  chemistry  was  within  suggested  levels  for  optimum  fish 
production  (McGown  1996). 

Austin  Branch.— /K\xs\\n  Branch  fish  assemblages  were  similar  to  the 
forest  assemblage  (30  of  the  53  study  area  species)  with  one  exception. 
The  southern  brook  lamprey  (Ichthyornyzon  gagei)  was  found  in  great 
abundance  and  was  only  found  at  Austin  Branch.  Ammocoetes 
dominated  throughout  the  year.  Of  the  total  fish  caught,  16.9%  (482) 
were  caught  in  Austin  Branch.  The  predominant  species  was  the 
lamprey  (199  individuals).  Nine  sunfish  species  were  identified  in  this 
stream. 

IBI  scores  ranged  from  40  to  48.  The  larger  range  in  IBI  scores  is 
of  no  concern  in  this  case.  The  40  score  was  depressed  by  the  presence 
of  113  spawning  lampreys.  Non- feeding  adult  lampreys  were  not  in- 
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eluded  in  the  IBI  calculations  due  to  a  lack  of  trophic  classification. 
Their  inclusion  as  detritivores  would  raise  the  IBI  by  approximately  five 
points.  The  remaining  seasonal  samples  had  high  IBI  scores. 

The  annual  means  for  Shannon  diversity  (3.186),  richness  (3.303)  and 
evenness  (0.793)  all  indicate  an  unimpacted  stream.  Invertivores  domi¬ 
nated:  invertivores  56.0%,  non-feeding  lampreys  41.3%,  piscivores 
2.5%  and  omnivores  0.2%.  Individuals  classified  as  intolerant  species 
(254)  outnumbered  the  tolerant  individuals  (47),  largely  due  to  the 
lampreys. 

Camp  Creek. —Cdivap  Creek  fish  assemblages  included  28  of  the  53 
study  area  species.  Of  the  total  fish  captured,  7.6%  (216)  came  from 
this  creek.  Nine  of  ten  sunfish  species  were  collected  here.  The 
predominant  genus  was  Lepomis,  and  the  cyprinids  were  poorly  repre¬ 
sented.  IBI  scores  ranged  from  46  to  50.  The  annual  means  of  Shannon 
diversity  (3.783),  richness  (4.283)  and  evenness  (0.908)  are  all  high  and 
indicate  a  stable  assemblage. 

Invertivores  again  dominate:  invertivores  73.6%,  piscivores  15.7% 
and  omnivores  10.7%.  Notably,  the  bullhead  catfishes  {Amierus  natalis 
and /I.  me  las)  and  the  creek  chubsucker  {Erimyzon  oblongus)  were  abun¬ 
dant  at  this  site.  Tolerant  individuals  outnumbered  intolerant  individuals 
by  a  ratio  of  two  to  one. 

Cochino  Bayou.— fish  assemblage  from  Cochino  Bayou  repre¬ 
sented  the  overall  assemblage;  37  of  53  species  identified  occurred  there, 
including  nine  sunfish  species,  1 1  cyprinid  species  and  five  darter 
species.  Notably,  the  sabine  shiner  {Notropis  sabinae)  was  found 
throughout  the  year.  The  U.S.  Forest  Service  had  no  record  of  this 
species  occurring  in  the  Davy  Crockett  National  Forest.  Of  the  total 
fish  collected,  11.6%  (329)  were  collected  from  Cochino  Bayou. 

IBI  scores  ranged  from  44  to  52.  Cochino  Bayou  was  the  largest  of 
the  study  streams.  Larger  streams  have  larger  fish  assemblages,  and  as 
these  species  reproduce  and  migrate,  IBI  values  fluctuate.  The  annual 
means  for  Shannon  diversity  (3.62),  richness  (4.308)  and  evenness 
(0.846),  along  with  the  IBI  scores  indicate  a  relatively  unimpacted 
stream.  Invertivores  were  predominant:  invertivores  94.8%,  piscivores 
3.4%  and  omnivores  1.8%.  Tolerant  individuals  outnumbered  the 
intolerant  individuals  by  a  ratio  of  two  to  one. 
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Hackberry  Creek.— Tht  fish  assemblages  from  Hackberry  Creek  were 
dominated  by  long-lived,  tolerant  species,  such  as  the  black  bullhead 
(Amierus  melas),  yellow  bullhead  {A.  natalis),  grass  pickerel  {Esox 
americanus) ,  largemouth  bass  (Micropterus  salmoides)  and  many  of  the 
larger  sunfish  species.  Other  tolerant  species  such  as  the  western 
mosquitofish  {Gambusia  affinis)  and  the  golden  shiner  {Notemigonus 
chrysoleucas),  were  also  abundant.  Of  the  total  fish  collected,  11.5% 
(326)  came  from  Hackberry  Creek. 

IBI  scores  ranged  from  40  to  44.  These  scores  rank  fair,  but  were 
consistent  throughout  the  year.  Lower  IBI  values  are  likely  due  to  the 
location  of  this  site.  Due  to  uncooperative  landowners,  this  site  was 
located  downstream  from  a  large  bridge.  Fish  from  this  site  were  often 
collected  from  piles  of  garbage,  furniture  and  plastic  products.  Another 
source  of  impairment  was  the  several  square  kilometers  of  upstream  cow 
pastures.  Fecal  material  and  a  orange  to  brown  water  color  were 
observed  throughout  the  year.  The  annual  means  of  Shannon  diversity 
(2.936),  richness  (2.66)  and  evenness  (0.813)  indicated  moderate  impact. 

Hager  Creek.— assemblages  from  Hager  Creek  included  23  of 
the  53  study  area  species.  Of  the  total  fishes  captured,  7.4%  (210)  were 
collected  from  this  creek.  IBI  scores  ranged  from  46  to  50;  all  ranked 
fair-to-good  or  good.  Mean  diversity  (3.44),  richness  (3.36)  and 
evenness  (0.9)  indicate  an  unimpacted  stream.  Invertivores  dominated: 
invertivores  (82.9%),  piscivores  (12.4%)  and  omnivores  (4.7%).  Water 
chemistry  was  within  suggested  levels  for  optimum  fish  production. 

Hickory  Creek.— assemblages  from  Hickory  creek  included  30 
of  the  53  study  area  species.  Of  the  total  fishes  captured,  10.4%  (295) 
were  caught  in  Hickory  Creek.  Topminnows  were  dominant  and  the 
western  mosquitofish  {Gambusia  affinis)  and  the  blackspot  shiner 
{Notropis  atrocaudalis)  were  abundant.  Hickory  Creek  was  the  second 
largest  stream  in  this  study. 

IBI  scores  ranged  from  46  to  50.  The  IBI  score  on  three  of  the  four 
seasonal  samples  was  46.  In  addition  to  the  consistent  IBI,  mean 
diversity  (3.88),  mean  richness  (4.28)  and  mean  evenness  (0.91)  were 
high  and  indicated  an  unimpacted  condition.  The  Hickory  Creek  fish 
assemblage  consisted  of  91.2%  invertivores,  6.8%  piscivores  and  2.0% 
omnivores.  Tolerant  individuals  were  twice  as  abundant  as  intolerant 
individuals. 
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Lynch  Creek.— Lynch  Creek  is  an  intermittent  tributary  of  the  refer¬ 
ence  stream,  Piney  Creek.  The  fish  assemblages  for  both  streams  were 
very  similar.  Lynch  Creek  assemblages  also  had  23  of  the  53  study  area 
species.  Of  the  total  fishes  captured,  7.7%  (219)  came  from  Lynch 
Creek.  Notably,  Lynch  Creek  was  dry  during  the  Fall  sampling  period. 

IBI  scores  ranged  from  40  to  42.  Mean  diversity  (2.85),  mean  rich¬ 
ness  (3,17)  and  mean  evenness  (0.74)  suggest  that  a  level  of  moderate 
impact  is  evident.  Although  richness  results  are  high,  the  IBI  more 
sensitively  classifies  the  stream.  Individual  fish  classified  as  tolerant 
outnumbered  those  intolerants  captured  by  a  ratio  of  50  to  one.  This 
high  ratio  is  indicative  of  an  impacted  stream. 

Water  chemistry  results  consistently  fell  outside  suggested  levels  for 
optimum  fish  production.  Lynch  Creek  only  flows  for  four  months  out 
of  the  year  on  average.  Stagnant  pools  trap  fishes  as  the  waters  recede 
and  water  quality  quickly  degrades  (McGown  1996). 

Piney  Creek. — Piney  Creek  is  listed  as  the  least  impacted  stream  for 
the  South-Central  Plains  ecoregion  (Twidwell  et  al.  1992)  and  was  used 
as  a  reference  stream.  A  preliminary  sample  (12-14  September  1989) 
produced  comparable  results  to  the  Twidwell  et  al.  (1992)  study. 

Notably,  Piney  Creek  was  flooded  for  two  of  the  four  sampling 
periods.  The  stream  channel  could  not  be  sampled  due  to  deep  waters 
and  high  velocity.  Flood  plain  areas  were  sampled  during  these  periods. 
Negligible  declines  in  IBI  and  diversity  scores  were  observed  as  a  result. 
This  was  likely  due  to  the  quality  of  the  flood  plain  areas  as  favorable 
habitat. 

The  Piney  Creek  fish  assemblage  had  only  22  of  the  53  study  area 
species.  Of  the  total  fishes  captured,  10.1%  (287)  came  from  Piney 
Creek.  The  uncommon  harlequin  darter  {Etheostoma  histrio)  was  found 
in  three  seasonal  samples.  A  large  population  of  the  banded  pygmy 
sunfish  (Elassoma  zonatum)  was  also  found  and  included  three 
individuals  with  standard  lengths  in  excess  of  3.5  inches. 

IBI  scores  ranged  from  46  to  54  and  ranked  in  the  fair-to-good  and 
excellent  categories.  Mean  diversity  (3.614)  was  slightly  lower  than  the 
(Twidwell  et  al.  1992)  result  (3.85).  Mean  richness  (3.64)  and  mean 
evenness  (0.90)  were  high.  Tolerant  and  intolerant  individuals  were 
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found  in  equal  abundance.  Invertivores  (81.7%)  were  more  abundant 
than  piscivores  (17.4%)  and  omnivores  (1.39%). 

Piney  Creek  can  be  classified  as  an  unimpacted  stream  based  on  the 
IBI,  diversity,  community  structure  and  other  scores.  The  results  of  this 
study  were  comparable  to  the  1992  study  which  classified  Piney  Creek 
as  the  least  impacted  stream  of  the  ecoregion. 

Sandy  Creek. — The  fish  assemblages  from  Piney  Creek  are  skewed 
when  compared  to  the  other  streams.  Omnivores  were  abundant  (19%) 
and  tolerant  individuals  dominated  by  a  ratio  of  seven  to  one.  Inverti¬ 
vores  (70.4%)  and  omnivores  (10.6%)  were  also  present.  Only  6.3% 
(179)  of  the  total  fishes  captured  came  from  Sandy  Creek. 

IBI  scores  ranged  from  40  to  42  and  indicated  a  stable  community  of 
tolerant  species.  Water  chemistry  results  consistently  exceeded  optimum 
levels  for  fish  production.  This  is  a  likely  cause  of  depressed  IBI 
scores.  Oddly,  mean  diversity  (3.313),  mean  richness  (3.308)  and  mean 
evenness  (0.88)  fail  to  indicate  impact.  The  IBI,  however,  seems  to  be 
more  sensitive  to  perturbations  affecting  the  fish  community  and  appears 
to  classify  the  stream  more  accurately. 

Statistical  analyses  clusters  were  identified  during  a  cluster 

analysis  of  fish  assemblages.  Austin  Branch  was  the  only  stream  in 
cluster  one  which  was  due  to  the  lamprey  presence.  Cluster  two  in¬ 
cluded  Piney,  Lynch  and  Hackberry  creeks.  Lynch  Creek,  a  tributary 
of  Piney  Creek,  had  the  same  assemblage  as  Piney  Creek.  Cluster  two 
streams  had  smaller  numbers  of  species  and  were  very  similar  in  terms 
of  sunfish  assemblages.  Cluster  three  contained  Austin  Branch  and 
Alabama,  Camp,  Hager,  Hickory  and  Sandy  creeks.  This  cluster  was 
statistically  different  from  cluster  two.  This  is  due  to  having  more 
species,  more  cyprinids  and  having  common  sunfish  assemblages. 

A  Friedman’s  two-way  ANOVA  was  used  to  determine  variance  in 
diversity  among  streams  and  seasons.  Shannon  diversity  scores  from 
Camp  Creek  differed  from  Lynch  Creek.  Camp  Creek  also  differed 
from  Hackberry  Creek,  and  Lynch  Creek  differed  from  Hickory  Creek. 
Shannon  diversity  values  among  the  other  streams  were  not  significantly 
different  and  were  consistently  high  (>  2.8). 

The  Spearman’s  Rank  Correlation  revealed  that  the  IBI  and  Shannon 
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diversity  index  agreed  in  the  quality  assessments  among  streams. 

Conclusion 

The  list  of  species  for  the  ten  sampled  streams  of  the  Davy  Crockett 
National  Forest  was  diverse  and  included  some  uncommon  species. 
Statistical  analyses  showed  that  the  diversity  and  fish  assemblages  were 
similar  among  streams  with  a  few  exceptions.  Statistical  analyses  found 
that  the  rankings  of  stream  quality  by  the  IBI  agreed  significantly  with 
those  of  the  Shannon  diversity  index.  However,  the  IBI  estimated  levels 
of  impact  more  sensitively. 

The  values  of  the  IBI,  Shannon  diversity  index,  richness  and  evenness 
are  useful  estimators  of  water  quality  levels  in  the  ten  study  streams  of 
the  Davy  Crockett  National  Forest.  The  study  streams  appear  to  be 
unimpacted,  with  the  exception  of  Lynch  Creek,  Hackberry  Creek,  and 
to  a  lesser  extent,  Sandy  Creek.  These  three  streams  all  exhibit  signs 
of  moderate  impact  based  on  the  fish  community  sampling.  The  concur¬ 
rent  physical/chemical  survey  provided  useful  information  which  helped 
explain  potential  factors  that  reduced  IBI  scores  and  fish  numbers. 

Although  Hackberry  Creek,  Lynch  Creek  and  Sandy  Creek  show 
signs  of  impact,  IBI  deviations  and  trophic  guilds  tend  to  suggest  that 
these  are  consistent  and  stable  through  the  seasons.  The  integrity  levels 
are  lower,  however,  than  predicted.  The  quality  of  the  remaining 
streams  were  similar  to  Piney  creek,  the  ecoregion’s  least  disturbed 
stream. 
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Texas  A&M  University,  College  Station,  Texas  77843 

Abstract. — Seventy-five  American  alligators  {Alligator  mississippiensis)  were  obtained 
from  southeast  Texas  and  southwest  Louisiana.  Necropsy  revealed  the  presence  of  one 
species  of  pentastome  {Sebekia  mississippiensis),  three  species  of  nematodes  {Dujardinascaris 
waltoni,  Brevimulticaecum  baylisi,  Brevimulticaecum  tenuicolle)  and  eight  species  of 
trematodes  {Acanthostomum  coronarium,  Acanthostomum  loossi,  Acanthostomum  pavidum, 
Archaeodiplostomum  acetabulata,  Crocodilicola  pseudostoma,  Dracovermis  occidentalis , 
Polycotyle  ornata  and  Pseudocrocodilicola  georgiana).  All  of  these  parasites  have  been 
previously  reported  in  the  literature,  but  were  dispersed  among  numerous  sources.  As  part 
of  this  study,  a  concise  key  including  all  of  the  endohelminths  reported  during  this  study  of 
the  American  alligator  was  compiled  from  existing  sources. 


In  1992,  a  four  year  study  was  initiated  to  study  the  infracommunity 
structure  of  75  alligators  from  southeastern  Texas  (Scott  et  al.  1997). 
Results  of  this  study,  including  voucher  specimens  and  statistical  analy¬ 
ses,  were  compared  to  previously  reported  parasite  findings  from  South 
Carolina  (Hazen  et  al.  1978). 

Though  several  other  parasitological  studies  (Byrd  &  Reiber  1942; 
Brooks  &  Overstreet  1977;  1978;  Sprent  1977;  1979;  Deardorff  & 
Overstreet  1979;  Overstreet  et  al.  1985)  have  been  performed  on 
Alligator  mississippiensis ,  there  has  been  no  all-inclusive  work  published 
outlining  identification  of  all  the  endohelminths  of  alligators.  Therefore, 
the  purpose  of  this  report  is  for  use  as  an  identification  key  for  the 
endohelminths  of  the  alligator  and  as  a  source  for  reported  measure¬ 
ments  of  each  parasite  and  their  respective  eggs.  The  keys  are  for 
identification  purposes  only,  and  do  not  attempt  to  show  phylogenetic 
relationship.  These  keys  include  descriptions  of  nematode  and  trematode 
families.  Keys  to  the  genera  of  given  parasites  follow  under  the  speci¬ 
fied  family  heading.  Nematode  information  is  compiled  from  Yorke  & 
Maplestone  (1926);  Hartwich  (1974);  Sprent  (1977;  1979)  and  Deardorff 
&  Overstreet  (1979).  Pentastome  information  is  from  Overstreet  et  al. 
(1985).  Finally,  trematode  information  comes  from  Byrd  &  Reiber 
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(1942);  Brooks  &  Overstreet  (1977;  1978)  and  Schell  (1985).  Permis¬ 
sion  to  use  line  drawings  from  Sprent  (1977;  1979),  Brooks  & 
Overstreet  et  al.  (1985),  and  Schell  (1985)  was  obtained  from  the 
publishers  of  the  respective  journals.  Standard  terminology  as  applies 
to  morphlogical  features  follows  that  of  Schmidt  &  Roberts  (1989). 

Phylum  Nematoda  -  Class  Phasmidea 

Diagnosis. — Commonly  large,  stout  worms;  usually  three  lips  present, 
less  often  two  or  none;  esophagus  simple,  muscular,  lacking  specializa¬ 
tions,  occasionally  with  posterior  ventriculus,  with  or  without  appendix; 
intestine  occasionally  with  one  or  more  appendices  at  esophagointestinal 
junction;  preanal  sucker  present  in  a  few  species;  eggs  usually  with 
sculptured  uterine  layer,  unembryonated  when  laid,  juveniles  infective 
to  host  in  second  (perhaps  third)  stage;  parasites  of  all  classes  of 
vertebrates.  Basal  region  of  lips  without  collar  of  fibriae,  postlabial 
region  naked  or  provided  with  three  tongue-like  prolongations  of  lips 
united  by  folded  membranes  with  cordon-like  cuticular  thickenings,  or 
with  thickenings  consisting  of  transversely  striated  ribs.  Postlabial 
region  without  cuticular  peculiarities,  or  provided  with  cordon-like  or 
rib-like  structures. 

Key  to  Families 

la.  Esophagus  with  oblong  to  cylindrical  posterior  ventriculus  with  one 

dorsal  and  one  ventral  longitudinal  suture-like  depression,  or  with 
small  globular  ventriculus  giving  off  posteriorly  directed  appendix 
with  such  depressions  or  rarely  two  appendices.  Excretory  system 
asymmetrical,  confined  to  left  lateral  chord.  Excretory  pore 
situated  between  base  of  subventral  lips  or  near  nerve  ring. 
Intestinal  cecum  present  or  absent.  Parasites  of  mammals,  birds, 
reptiles  and  fishes . Anasakidae 

lb.  Esophagus  without  ventriculus  or  with  globular  to  ellipsoidal 

ventriculus  without  longitudinal  sutures;  from  ventriculus  two 
anteriorly  and  three  posteriorly  directed  appendices  may  arise. 
Excretory  system  symmetrical ,  the  right  lateral  canal  of  which  may 
be  somewhat  reduced.  Excretory  pore  situated  near  nerve  ring. 
Lips  well  defined,  distinctly  offset  from  anterior  end;  each  lip  with 
single,  separate  dentigerous  ridge  on  anterior  margin  of  inner 
surface,  or  dentigerous  ridges  absent.  Interlabia  present  or  absent. 
Esophagus  with  or  without  ventriculus.  Intestinal  cecum  present 
or  absent.  Parasites  of  mammals,  birds,  reptiles  or  amphibians, 
rarely  of  fishes . Ascarididae 
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Table  1.  Specific  measurements  in  mm  for  Goezia  lacerticola  (from  Deardorff  & 
Overstreet  1979). 


Male  Female 


Length 

3.9  - 

8.2 

4.3 

-  8.8 

Width  (max.) 

0.40  - 

0.78 

0.43 

-  0.85 

Lips 

0.02  - 

0.03 

0.02 

-  0.07 

Nerve  ring  (from  ant.  end) 

0.13  - 

0.23 

0.13 

-  0.16 

Esophagus  (length) 

0.50  - 

0.73 

0.63 

-  0.95 

Cecum 

0.33  - 

0.47 

0.33 

-  0.76 

Vulva  (from  ant.  end) 

n/a 

1.4 

-  2.0 

Tail 

0.07  » 

0.12 

0.07 

-  0.25 

Gubernaculum 

absent 

n/a 

Spicules 

0.34  ^ 

0.87 

n/a 

Eggs 

n/a 

0.02 

-  0.04(dia.) 

Family  Anisakidae 

The  Family  Anisakidae  is  represented  by  a  single  species. 

Goezia  lacerticola  Deardorff  &  Overstreet 
(Table  1) 

Diagnosis,  —  Cuticular  rings  with  posterior  spines.  Lips  flattened  and 
expanded  outwards.  Interlabia  absent.  Esophagus  stout,  claviform, 
with  small  ventriculus  giving  off  a  long,  single  or  double  appendix. 
Parasites  of  teleost  fishes  and,  rarely,  reptiles. 

Family  Ascarididae 

Diagnosis,— Esophsigus  with  globular  to  ellipsoidal  posterior 
ventriculus,  from  which  may  arise  two  anteriorly  and  three  posteriorly 
directed  appendices.  Parasites  of  crocodilians  and,  rarely,  of  fishes. 
Specific  measurements  for  members  of  the  Family  Ascarididae  are  given 
in  Table  2. 

Key  to  Species 

la.  Esophagus  with  several  posterior  ventricular  appendices;  intestinal 
cecum  present  or  absent  . . .  2 

1  b .  Esophagus  without  posterior  ventriculus ,  small  muscular  esophageal 

bulb;  intestinal  cecum  present  . . . 

...................  .Dujardinascaris  waltoni  (Fig.  la) 

2a.  Ventricular  appendices  club-shaped.  . . 

...................  Brevimulticaecum  baylisi  (Fig.  lb) 

2b.  Ventricular  appendices  lobulated,  teat-shaped.  ............ 

.................  Brevimulticaecum  tenuicolle  (Fig.  Ic) 
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Figure  1.  Nematodes  isolated  from  Alligator  mississippiensis:  (a)  Dujardinascaris  waltoni 
(from  Sprent  1977)  (Scale  =  0.5  mm);  (b)  Ventriculus  from  Brevimulitcaecum  bavlisi 
(from  Sprent  1979)  (Scale  =  0.05  mm);  (c)  Ventriculus  from  Brevimulticaecum  tenuicolle 
(from  Sprent  1979)  (Scale  =  0.05  mm). 


Table  2.  Specific  measurements  in  mm  for  some  of  the  nematodes  known  to  infect  Alligator 
mississippiensis  (from  Sprent  1977;  1979). 


Brevimulticaecum 

baylisi 

Brevimulticaecum 

tenuicolle 

Dujardinascaris 

waltoni 

Length 

9.4  -  19.1 

9.2  -  15.1 

11.8  -  14.0 

Width  (max.) 

1.0 

0.18  -  0.50 

0.43  -  0.48 

Width  (E/I  junction) 

0.28  -  0.60 

0.15  -  0.34 

0.32  -  0.40 

Lips 

0.06  -  0.09 

0.06  -  0.08 

0.08  -  0.09 

Interlabia 

0.02  -  0.03 

0.03 

0.04  -  0.05 

Nerve  ring  to  ant.  end 

0.40  -  0.54 

0.35  -  0.52 

0.51 

Excretory  pore  to  ant.  end 

0.34  -  0.43 

0.35  -  0.45 

0.60  -  0.66 

Esophagus  (length) 

2.0  -  2.7 

1.6  -  3.1 

3.0  -  3.1 

Cecum 

1.4  -  1.8 

1.2  -  2.0 

1.8  -  1.9 

Vulva  (from  ant.  end) 

6.8 

4.7  -  8.8 

6.3 

Tail 

0.09  -  0.30 

0.08  -  0.17 

0.20  -  0.27 

Gubernaculum 

0.14 

0.17  -  0.18 

0.15 

Spicules 

5.8 

1.23  -  1.34 

6.7 

Ejaculatory  duct 

1.4 

1.12  -  1.30 

2.2 

Eggs 

0.06-0.08  X  0.04-0.07 

0.05-0.08  X  0.04-0.07 

0.044).06  X  0.03-0.05 
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Figure  2.  Pentastome  isolated  from  Alligator  mississippiensis:  Sebekia  mississippiensis 

(from  Overstreet  et  al.  1985).  (Scale  =  1000  ^m). 

Phylum  Pentastomida 

The  Phylum  Pentastomida  is  represented  by  a  single  species. 

Sebekia  mississippiensis  Overstreet  et  al. 

(Figure  2) 

Male.— Body  5.6  mm  long;  width  0.5  mm  at  cephalothorax,  0.9mm 
at  abdomen;  cephalothorax  triangular  in  some  individuals.  Annuli 
numbering  69-70,  with  spinelike  cuticular  projections  prominent  in  some 
individuals.  Two  pairs  of  sensory  papillae,  with  each  group  forward  of 
anterior  hook  and  parallel  to  annuli;  cephalic  lobe  paired,  at  anterior  of 
body  forward  of  sensory  papillae.  Hooks  claw- shaped,  having  a  broad 
base;  talon  relatively  short;  outer  convex  surface  forming  hump  with 
minute  spines.  Fulcrum  0. 13mm  long  (straight  line  between  ends);  outer 
surface  rugose,  without  spinules;  anterior  outer  portion  projecting 
against  base  of  hook  as  relatively  small  spinose  shield;  shield  not 
touching  hook  when  hook  bent  forward.  Oral  cadre  oblong,  0.17  mm 
long  by  0.07  mm  wide,  with  opening  an  oblong  ring;  distal  portion  of 
mouth  ring  lightly  sclerotized  dorsally  and  open  ventrally.  Intestine 
sinuous  especially  in  posterior  half,  with  hemosiderin  usually  abundant 
in  gastrodermis.  Rectum  length  about  equal  to  midbody  diameter.  Anus 
terminal. 

Female. — Body  10  mm  long  maximum,  with  width  of  cephalothorax 
0.6  mm;  cephalothorax  roughly  triangular,  not  demarcated  sharply  from 
abdomen;  abdomen  1 .6  mm  at  widest  level.  Annuli  numbering  approxi¬ 
mately  70,  difficult  to  distinguish  in  midregion.  Anus  terminal.  Utero¬ 
vaginal  pore  anterior  to,  but  not  contiguous  with,  anus  on  same  annulus. 
Tegument  relatively  thin,  delicate.  Hooks,  fulcrum  and  oral  cadre 
similar  to  those  of  male. 

Phylum  Platyhelminthes  -  Class  Trematoda 

Diagnosis .—Mouih  at  anterior  end  of  body,  usually  surrounded  by 
oral  sucker.  Not  in  blood  vessels  of  host;  pharynx  usually  present; 
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testes  one  or  two,  rarely  multiple.  Always  hermaphroditic;  usually 
parasitic  in  some  internal  organs  of  host.  Oral  and  ventral  suckers 
present.  Ventral  sucker  near  midbody  or  anterior  to  middle  of  body. 
Bulbous  or  foliaceous  tribocytic  organ  posterior  to  ventral  sucker, 
sometimes  overlapping  it;  body  usually  divided  into  distinct  fore-  and 
hindbody;  copul atory  bursa  and  genital  pore  at  posterior  end  of  body; 
organs  of  reproduction  confined  to  hindbody. 

Key  to  Families 

la.  Cirrus  sac  absent;  fore-  and  hindbody  distinct.  Forebody  flat  or 

spoon  shaped;  tribocytic  organ  bulbous;  intestinal  parasites  of 
reptiles,  birds  and  mammals.  Hindbody  contains  thick- walled 
paraprostate  organ  surrounded  by  gland  cells;  parasitic  in  reptiles 
(alligators)  . . Family  Proterodiplostomidae 

lb.  Tribocytic  organ  absent;  body  not  subdivided  as  described  above; 

copulatory  bursa  absent . 3 

2a.  Genital  pore  and  cirrus  sac  in  posterior  third  of  body  or  at 
posterior  tip  of  body,  some  distance  from  ventral  sucker,  ventral 
to  gonads  or  ventral  to  ceca.  Testes  tandem  and  some  distance 
from  posterior  end  of  body;  ovary  between  testes;  body  elongate, 
fusiform  or  spatulate.  Seminal  vesicle  bipartite,  enclosed  in  cirrus 
sac;  genital  pore  ventral  to  left  of  cecum;  vitelline  follicles 
confluent  anterior  to  gonads;  parasitic  in  intestine  of  reptiles 
(alligators)  . . . . Family  Harmotrematidae 

2b.  Genital  pore  in  anterior  half  or  middle  third  of  body,  usually 
anterior  to  ventral  sucker,  sometimes  immediately  posterior  to 
ventral  sucker.  Genital  pore  median  or  submedian.  Ovary  anterior 
to  testes  or  between  testes.  Ventrogenital  or  genital  sac  absent. 
Intestinal  ceca  without  diverticula.  Eggs  not  triangular;  cirrus  sac 
usually  present.  Oral  sucker  without  muscular  papillae.  Two  ceca 
and  two  testes;  cirrus  sac  usually  present.  Spiny  proboscides 
absent.  No  spiny  collar,  but  one  or  two  circles  of  large  spines 
around  oral  sucker;  intestinal  parasites  of  fishes  and  reptiles. 
Seminal  vesicle  free  in  parenchyma,  sometimes  coiled;  oral  sucker 
large,  terminal;  gonotyl  present  in  some  genera;  pre-  and  post- 
acetabular  pits  usually  present . Family  Acanthostomidae 

Family  Proterodiplostomidae 

Diagnosis  .—Body  divided  into  flat  forebody,  containing  the  suckers 
and  bulbous  tribocytic  organ,  and  a  cylindrical  hindbody  which  contains 
the  organs  of  reproduction;  testes  tandem,  in  middle  of  hindbody;  cirrus 
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a 


b 


Figure  3.  Trematodes  of  the  Family  Proterodiplostomidae  isolated  from  Alligator 
mississippiensis:  (a)  Crocodilicola  pseudostoma\  (b)  Archaeodiplostomum  acetabulata; 
(c)  Pseudocrocodilicola  georgiana;  (d)  Polycotyle  ornata.  All  figures  from  Byrd  & 
Reiber  (1942). 


sac  absent;  seminal  vesicle  free  in  parenchyma;  thick-walled  paraprostate 
organ  posterior  to  testes;  genital  atrium  present;  genital  pore  dorsal,  near 
posterior  end  of  body;  hermaphroditic  canal  present;  vitelline  follicles 
in  both  fore-  and  hindbody  or  confined  to  forebody;  parasitic  in  intes¬ 
tine  of  reptiles,  especially  alligators. 

Key  to  Species 

la.  Body  linguiform,  division  between  fore-  and  hindbody  indistinct; 
vitelline  follicles  confined  to  area  between  ovary  and  ventral  sucker 
. Crocodilicola  pseudostoma  (Fig.  3a) 

lb.  Division  between  fore-  and  hindbody  distinct . .  2 

2a.  Vitelline  follicles  extend  into  fore-  and  hindbody . 

.  . . Archaeodiplostomum  acetabulata  (Fig.  3b) 
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2b.  Vitelline  follicles  confined  to  forebody . 3 

3a.  Hindbody  with  a  linear  series  of  accessory  suckers  on  dorsal 
surface;  atrial  sucker  also  present  in  genital  atrium;  ejaculatory 
duct  fused  with  terminus  of  uterus;  hermaphroditic  canal 
thin- walled . Polycotyle  omata  (Fig.  3d) 

3b.  Hindbody  without  accessory  and  atrial  suckers;  ejaculatory  duct 
united  with  side  of  paraprostate  organ;  hermaphroditic  canal  has 
thick  muscular  wall  .  .  .  Pseudocrocodilicola  georgiana  (Fig.  3c) 

Family  Harmotrematidae 

This  family  is  represented  in  North  America  by  the  genus 
Dracovermis  Brooks  &  Overstreet  (1978).  Dracoverrnis  occcidentalis 
(Fig.  4a)  has  been  reported  as  a  parasite  of  American  alligator,  Alligator 
mississippiensis.  Specific  measurements  for  D.  occidentalis  and  other 
trematodes  known  to  infect  A.  mississippiensis  are  given  in  Table  3. 

Dracovermis  occidentalis  Brooks  &  Overstreet 
(Figure  4a) 

Diagnosis .—^ody  flat,  spatulate,  nonspinous;  oral  sucker  subterminal; 
ventral  sucker  in  anterior  half  of  body;  pharynx  present;  esophagus 
short;  ceca  long;  testes  tandem,  in  posterior  third  of  body;  ovary  inter- 
testicular;  cirrus  sac  in  hindbody,  anterior  to  gonads;  cirrus  spiny;  semi¬ 
nal  vesicle  bipartite,  internal;  genital  pore  in  hindbody,  ventral  to  left 
cecum;  vitelline  follicles  around  ceca  in  fore-  and  hindbody;  uterus  con¬ 
fined  to  hindbody;  metraterm  present.  Parasitic  in  intestine  of  reptiles. 

The  genus  Dracovermis  was  formerly  assigned  to  the  Family 
Liolopidae. 


Family  Acanthostomidae 

Body  elongate,  spinous;  oral  sucker  terminal,  funnel-shaped,  sur¬ 
rounded  by  a  row  of  circumoral  spines;  ventral  sucker  smaller  than  oral 
sucker,  in  anterior  half  of  body;  pharynx,  prepharynx  and  esophagus 
present;  ceca  long,  ending  blindly,  open  through  separate  ani  or  fuse 
with  excretory  vesicle  to  form  a  cloaca;  one  cecum  might  be  vestigial  or 
absent  in  some  species;  testes  near  posterior  end  of  body,  tandem;  ovary 


Figure  4.  Trematodes  isolated  from  Alligator  mississippiensis:  (a)  Dracovermis  occidentalis 
from  Brooks  &  Overstreet  (1978);  (b)  Acanthostomum  loossi  from  Brooks  &  Overstreet 
(1977);  (c)  Acanthostomum  coronarium  from  Brooks  &  Overstreet  (1977);  (d) 

Acanthostomum  pavidum  from  Brooks  &  Overstreet  (1977). 


pretesticular;  cirrus  sac  absent;  seminal  vesicle  free  in  parenchyma; 
gonotyl  and  hermaphroditic  duct  present  is  some  species;  genital  pore 
anterior  to  ventral  sucker;  preacetabular  and  postacetabular  pits  present 
in  some  genera;  ventrogenital  sac  absent;  vitelline  follicles  lateral,  along 
ceca  in  hindbody;  uterus  pretesticular;  eggs  embryonated,  operculate; 
excretory  vesicle  Y-  or  V-shaped;  parasitic  in  intestine  of  fishes  and 
reptiles. 

Key  to  Species 

la.  Ovary  some  distance  anterior  to  testes;  some  uterine  folds  posterior 

to  ovary;  Seminal  receptacle  anterior  to  ovary . 

. . . . Acanthostomum  loossi  (Fig.  4b) 

lb.  Ovary  immediately  anterior  to  testes;  uterus  entirely  preovarian; 

seminal  receptacle  posterior  to  ovary . 2 
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2a.  Gonotyle  present,  anterior  to  ventral  sucker;  esophagus  shorter  than 

prepharynx;  body  spines  very  small . 

. Acanthostomum  coronarium  (Fig.  4c) 

2b.  Gonotyle  absent;  esophagus  longer  than  prepharynx;  body  spines 
large . .  Acanthostomum  pavidum  (Fig.  4d) 
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Abstract. — The  number,  density  and  distribution  of  juvenile  and  adult  American  alligators 
{Alligator  mississippiensis)  were  determined  from  3  April  to  27  May  1998  at  the  Welder 
Wildlife  Refuge  in  San  Patricio  County,  Texas.  A  total  of  141  alligators  were  counted  from 
all  aquatic  habitats  representing  a  density  of  0.62  alligators/ha.  (or  162  alligators/sq.  mile) 
of  available  aquatic  habitat.  Of  the  128  specimens  for  which  size  could  be  estimated,  90  or 
70.3%  were  under  1 .5  m  long  (juveniles).  The  total  density  of  alligators  represented  a  194% 
and  a  30%  increase  over  1973  and  1978  estimates,  respectively,  from  the  same  region. 
Notably,  densities  found  within  the  Welder  Refuge  were  many  times  greater  than  counts 
made  in  other  Texas  counties  during  the  1970s  possibly  reflecting  the  protected  status  of 
alligators  within  the  Refuge.  Alligator  numbers  correlated  positively  with  the  log  area  of 
ponds  but  alligator  densities  did  not  correlate  significantly  with  the  log  distance  of  ponds 
from  the  nearest  permanent  body  of  water  to  which  alligators  migrate  during  periodic 
droughts , 

Resumen. — El  numero,  densidad  y  distribucion  de  aligatores  {Alligator  mississippiensis) 
juveniles  y  adultos  fue  determinado  desde  el  3  Abril  hasta  el  27  de  Mayo  de  1998,  en  el 
Refugio  de  Vida  Silvestre  Welder,  distrito  San  Patricio,  Texas.  Un  total  de  141  aligatores 
fueron  contados  en  todos  los  cuerpos  de  agua,  representando  una  densidad  de  0.62 
aligatores/ha.,  o  162  aligatores/milla  cuadrada  de  habitat  acuatico  disponible.  De  los  128 
aligatores  cuyo  tamano  pudo  ser  estimado,  90  o  70.3%  fueron  menores  que  1.5  m  de  largo 
(juveniles).  La  densidad  total  de  aligatores  representd  un  194%  y  un  30%  de  aunmento 
sobre  estimaciones  hechas  en  la  misma  region  en  1973  y  1978  respect! vamente. 
Notablemente,  las  densidades  encontradas  en  el  Refugio  Welder  fueron  varias  veces  mayores 
que  anteriores  conteos  hechos  en  otras  localidades  de  Texas,  durante  la  decada  del  70.  Esto 
posiblemente  refleja  el  estado  de  proteccion  de  los  aligatores  dentro  de  el  Refugio.  Hubo 
correlacion  positiva  entre  el  numero  de  aligatores  y  el  log  del  area  de  los  cuerpos  de  agua. 
No  hubo  correlacion  entre  las  densidades  de  aligatores  y  el  log  de  la  distancia  de  los  cuerpos 
de  agua  permanentes  a  los  cuales  los  aligatores  migran  durante  periodos  de  sequia. 


The  American  alligator  {Alligator  mississippiensis)  was  once 
commonly  found  in  the  southeastern  United  States  (Mcllhenny  1935; 
Vaughn  1991).  In  Texas,  pressures  from  hunting  and  increasing  land 
conversion  to  agriculture  and  industry  caused  alligator  numbers  to 
diminish  during  the  first  quarter  of  this  century  (Mcllhenny  1935; 
Middleman  &  Brown  1948;  Joanen  &  McNease  1970;  Vaughn  1991). 
In  1969,  alligators  were  listed  as  an  endangered  species.  Under  federal 
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protection,  populations  increased  (Smith  1979)  and  the  alligator  was 
federally  down-graded  to  “threatened”  in  several  coastal  areas  so  as  to 
allow  for  the  increased  control  of  these  populations  through  harvesting 
(Woodward  &  David  1994). 

Smith  (1979)  investigated  the  size  of  the  alligator  population  in  the 
Welder  Wildlife  Refuge  of  San  Patricio  County,  Texas,  between  1972 
and  1978  during  which  time  he  reported  a  population  increase.  In  this 
study.  Smith’s  alligator  counts  (Smith  1979)  are  extended  with  a  census 
of  the  alligator  population  of  the  Welder  Refuge  twenty  years  later. 

Methods 

American  alligators  were  counted  from  3  April  to  27  May  of  1998  at 
the  Rob  &  Bessie  Welder  Wildlife  Refuge,  San  Patricio  County,  Texas 
(Fig.  1).  The  Refuge  protects  roughly  3,610  ha  of  coastal  prairie  and 
many  temporary  and  semi-permanent  ponds  and  lakes  ranging  to  57  ha 
at  2  m  maximum  depth.  The  refuge  is  bordered  to  the  north  by  a  35  km 
stretch  of  the  Aransas  River.  Approximately  225  ha  of  suitable  alligator 
habitat  could  be  found  on  the  reserve  during  the  study  period,  although 
much  of  this  area  typically  dries  up  later  in  the  summer.  The  area  of 
aquatic  habitat  was  estimated  from  aerial  photographs  taken  in  February, 
1995  (courtesy  of  the  Welder  Wildlife  Refuge).  During  extreme 
droughts,  very  few  ponds  remain  viable  and  alligators  migrate  to  the 
Moody  and  Chiltipin  Creeks  and  the  Aransas  River  (Fig.  1). 

Censuses  were  conducted  visually  both  day  and  night  (Chabreck  1966) 
using  a  million  candle-power  lamp  and  portable  head  lamps.  In  most 
instances,  alligators  were  approached  to  within  a  few  meters.  At  this 
time  their  size  (from  snout  to  tail)  was  estimated  by  sight  in  0.5  m 
increments.  To  improve  estimation  accuracy,  two  independent  estimates 
were  made  for  each  alligator  and  the  average  estimate  was  used.  View¬ 
ers  practiced  in  advance  by  both  estimating  the  size  of  objects  of 
measurable  dimensions  and  of  alligators  laying  outside  the  water  in  the 
day.  It  was  not  possible  to  estimate  the  size  of  9.2%  of  the  alligators 
counted  either  because  the  animals  submerged  or  the  floating  vegetation 
was  too  dense. 

All  bodies  of  water  on  the  refuge  were  censused.  For  each  of  the 
larger  ponds,  lakes  and  rivers,  at  least  two  day  and  two  night  counts 
were  made.  Counts  were  made  from  a  canoe,  motor  boat  or  from  land, 
depending  upon  the  particular  restrictions  of  the  body  of  water  and  its 
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Figure  1 .  Schematic  depiction  of  the  aquatic  regions  of  the  Rob  &  Bessie  Welder  Wildlife 
Foundation  Refuge,  San  Patricio,  Texas.  Lakes,  ponds,  tanks,  creeks  and  the  river  are 
labeled  by  name.  Chiltipin  Creek,  a  permanent  body  of  water,  is  below  the  southern 
boundary  of  the  map  and  not  shown.  Source:  King  (1960). 


surrounding  vegetation.  Frequently,  searches  conducted  from  both  the 
water  and  the  shore  were  required  to  assure  that  a  single  area  had  been 
fully  surveyed;  in  these  cases  land  and  water  surveys  were  made  within 
hours  of  each  other.  More  difficult  bodies  of  water  were  surveyed  more 
frequently  until  repeatable  measures  of  both  alligator  densities  and  size 
distributions  were  consistent.  When  different  densities  for  a  single  body 
of  water  were  recorded,  the  highest  count  was  accepted.  To  reduce  the 
chance  of  recounting  the  same  individual,  lakes  were  methodically 
sampled  by  using  single  entry-departure  points  and  by  unidirectionally 
circling  around  the  lake’s  perimeter. 

The  Wilcoxon  signed  ranks  test  was  used  to  evaluate  the  differences 
between  alligator  counts  taken  in  1973,  1978  and  1998  at  the  Welder 
Refuge.  Simple  linear  regression  analysis  was  used  to  test  for  potential 
associations  between  (a)  the  numbers  of  adult  alligators  (>  1.5  m;  see 
Woodward  &  David  1994)  in  a  particular  pond  and  the  log  area  of  the 
pond  and  (b)  the  density  of  adult  alligators  in  a  pond  and  the  log 
distance  of  that  pond  from  the  nearest  permanent  creek  or  river.  One 
pond  without  any  alligators  was  also  included  in  this  analysis  so  as  not 
to  bias  the  analyses.  Significance  was  accepted  at  alpha  =  0.05.  De¬ 
partures  from  normality  and  homogeneity  of  variances  were  examined 
using  the  residuals  from  the  regression  models,  normal  probability  plots, 
Lilliefor’s  tests  based  on  residuals,  and  skewness/kurtosis  coefficients. 
Residuals  were  also  plotted  against  predicted  estimates. 
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Results  and  Discussion 

The  total  number,  density,  distribution  and  size-class  distribution  of 
alligators  on  the  Welder  Wildlife  Refuge  are  shown  in  Table  1.  The 
total  estimated  density  of  alligators  was  0.62  alligators/ha.  (or  162 
alligators/sq.  mile)  of  habitable  water.  The  density  of  adult  alligators 
(>  1.5  m)  was  0.17/ha.  (or  44/sq.  mile).  The  three  largest  bodies  of 
water  sampled,  the  Aransas  River,  Pollita  Lake  and  Big  Lake  (Fig.  1), 
supported  the  highest  number  of  alligators.  Chiva  Tank  also  supported 
many  alligators;  however,  all  but  one  were  newly  born.  Only  three  of 
the  smaller  ponds  (Lagarto  Tank,  Paloma  Tank  and  Moody  Lake)  and 
Moody  Creek  hosted  more  than  one  adult  alligator. 

The  density  of  alligators  found  at  Welder  is  considerably  larger  than 
densities  previously  estimated  by  night  counts  in  other  south  Texas 
counties.  In  1973,  alligator  densities  were  estimated  for  74  different 
counties  and  averaged  13.7  alligators/sq.  mile.  Of  these,  21.4  alli¬ 
gators/sq.  mile  were  recorded  for  San  Patricio  (Smith  1975a).  In  1974, 
the  average  alligator  density  from  the  ten  most  alligator-rich  counties  in 
Texas  was  16  alligators/sq.  mile  (Smith  1975b).  In  Louisiana,  18.3 
alligators/sq.  mile  (or  2.9  adults/sq.  mile)  were  found  on  the  Rockefeller 
Wildlife  Refuge  (Chabreck  1966).  Another  Louisiana  study  estimated 
up  to  81  alligators/sq.  mile  using  aerial  transects  of  intermediate 
marshlands  (McNease  &  Joanen  1978).  In  1977-78  the  population 
density  of  a  pond  in  South  Carolina  was  25.6  alligators  per  sq.  mile 
(Murphy  1977;  1981).  In  1988,  the  same  population  density  was  esti¬ 
mated  at  62  alligators  per  sq.  mile  or  9.5  adults/sq.  mile  (Brandt  1992). 

Although  Smith  (1979)  did  not  specifically  mention  the  number  of 
juvenile  alligators  in  the  Welder  Refuge,  he  predicted  a  growing  popula¬ 
tion.  In  support  of  this  assertion,  he  did  observe  a  125%  increase  in  the 
alligator  population  size  between  1973  and  1978  (Table  2)  although  this 
increase  was  not  statistically  significant  (Wilcoxon  signed  ranks  test:  P 
=  0.14).  Twenty  years  later,  this  study  found  a  statistically  insignificant 
30.6%  increase  from  1978  data  (Table  2;  P  =  0.3),  however,  the  1998 
count  was  significantly  larger  than  the  1973  count  {P  =  0.03).  The 
large  population  increase  during  the  1970s  possibly  resulted  from  a 
release  from  hunting  pressures  at  the  Refuge  (Smith  1979).  For  most 
waters,  alligator  numbers  increased  from  1978  to  1998.  In  dramatic 
contrast  to  this  overall  trend,  the  Aransas  River  population  decreased 
from  70  to  29  alligators.  Smith’s  higher  river  counts  during  1978, 
however,  likely  resulted  from  a  drought  during  that  time  when  many 
alligators  were  forced  to  migrate  to  the  Aransas  River. 


Percent  of  total  28.9  25.0  16.4  16.4  6.3  3.9  3.1  100  29.7 
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Table  1.  Distribution  of  alligators  by  size  (m)  in  bodies  of  water  on  Welder  Wildlife  Refuge  during  3  April  to  27  May,  1998.  The  asterisk  (*) 
represents  unknown  body  size  of  alligators.  Percents  shown  are  of  known-sized  individuals.  Represents  estimate  of  total  alligator  density 
over  all  available  aquatic  habitat  of  Welder  Wildlife  Refuge. 
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Table  2.  Total  numbers  of  alligators  on  the  Welder  Wildlife  Refuge  as  estimated  by  Smith 
in  1973  and  1978  (Smith  1979)  and  the  present  study. 


Water  Body 

1973 

1978 

1998 

Encimo  Lake 

0 

2 

8 

Rincon  Tank 

1 

2 

17 

Paloma  Tank 

1 

5 

3 

Pollita  Lake 

10 

12 

25 

Big  Lake 

7 

6 

21 

Tule  Lake 

11 

8 

2 

Aransas  River 

17 

70 

29 

Moody  Creek 

1 

3 

5 

Other  small  waters 

0 

0 

31 

Total 

48 

108 
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Periodic  droughts  may  influence  the  alligator  population  dynamics  on 
the  Welder  Refuge.  The  last  regional  drought  in  1996  is  thought  to  have 
forced  many  alligators  back  into  the  Aransas  River  when  nearly  all  of 
the  Refuge’s  water  (including  Big  Lake)  temporarily  dried  up  (James 
Teer  pers.  comm.).  Periodic  droughts  force  the  temporary  mixing  of 
fragmented  alligator  populations.  If,  after  the  drought,  the  river  and 
permanent  creeks  act  as  sources  from  which  alligators  can  repopulate  the 
hydrating  Refuge,  one  may  predict  the  densities  and  distributions  of 
alligators  for  the  various  bodies  of  water  such  that  water  masses  both 
larger  and  closer  to  the  source  (creeks  or  river)  might  contain  greater 
numbers  of  adult  alligators.  Data  from  1998  only  partially  support  this 
prediction.  The  density  of  adults  in  a  given  pond  was  not  significantly 
associated  with  the  log  distance  of  that  pond  from  the  closest  body  of 
permanent  water  (r  <  0.01;  P  =  N.S.).  For  example,  Tule  Lake  and 
Venado  Swale  represent  large  bodies  of  water  close  to  the  river  that 
contained  few  adult  alligators.  In  contrast,  the  number  of  adults  was 
positively  associated  with  the  log  of  pond  area  (r  =  0.5;  F  =  15.5,  df 
=  \,  P  —  0.001).  Nevertheless,  some  small  ponds  (e.g.,  Lagarto  Tank 
and  Artesian  Pond)  supported  relatively  high  adult  densities.  The 
Artesian  Pond,  however,  represents  a  permanent  water  source  and  may 
sustain  alligator  populations  through  droughts.  Various  biotic  and 
abiotic  factors  may  additionally  contribute  to  alligator  distributions  and 
movements  (Woodward  &  David  1994)  at  the  Welder  Refuge.  Such 
factors  may  include  vegetation  cover,  water  depth  and  temperature,  food 
supply,  relative  permanence  of  the  water  mass,  occasional  periods  of 
river  overflow,  and  social  interactions  between  alligators  (territoriality, 
mating  and  reproduction). 
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Additional  research  is  warranted.  Investigations  into  the  relationship 
between  alligator  density  distributions  and  biotic  and  abiotic  variations 
among  ponds  would  be  worthwhile.  To  determine  whether  the  modest 
population  growth  recorded  twenty  years  after  the  last  census  suggests 
that  the  alligator  population  of  the  Welder  Refuge  is  reaching  its  carry¬ 
ing  capacity  will  require  additional  counts.  It  is  recommended  that 
periodic  counts  be  made  both  within  and  between  years.  Multiple  counts 
in  a  single  summer  will  improve  the  understanding  of  alligator  popula¬ 
tion  dynamics  as  water  masses  become  smaller  and  hotter. 
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ANT  DIET  OF  THE  TEXAS  HORNED  LIZARD 
{PHRYNOSOMA  CORNUTUM)  FROM  THE  CHIHUAHUAN  DESERT 

Shawn  D.  Blackshear  and  Jim  V.  Richerson 

Department  of  Biology,  Sul  Ross  State  University 
Alpine,  Texas  79832 

Abstract. — This  study  examined  the  gastrointestinal  tracts  of  30  museum  specimens  of 
Phry nosoma  cornutum  collected  from  Chihuahuan  Desert  habitats  in  Texas,  New  Mexico  and 
the  Mexican  state  of  Chihuahua.  Data  collected  included  percentage  of  volume  and  number, 
mean  and  frequency  of  occurrence.  Representatives  of  twelve  ant  genera  were  consumed. 
Pogonomyrmex  was  the  most  frequently  eaten  ant  (frequency  =  90.0%)  and  had  the  greatest 
total  volume  and  total  number  of  all  the  items  recovered  from  the  gastrointestinal  tract. 
Pogonomyrmex  is  the  preferred  prey  item  of  P.  cornutum  because  of  its  low  aggressiveness, 
high  foraging  numbers  and  availability  in  the  horned  lizard’s  habitat. 


Ants  are  the  main  source  of  both  moisture  and  energy  for  Phrynosorna 
cornutum  (cf.  Whitford  &  Creusure  1977;  Whitford  &  Bryant  1979). 
Ants  are  relatively  small  and  heavily  armored  with  indigestible  chitin, 
thus,  P.  cornutum  must  consume  large  amounts  of  this  type  of  prey  to 
meet  energy  requirements  (Pianka  et  al.  1979).  Pianka  &  Parker  (1975) 
calculated  ants  (Formicidae)  to  be  numerically  69.0%  and  volumetrically 
62.1%  of  the  prey  eaten  by  P.  cornutum  out  of  351  specimens  exam¬ 
ined.  Phrynosorna  cornutum  is  primarily  myrmecophagous,  principally 
feeding  on  members  of  the  genus  Pogonomyrmex  (cf.  Pianka  &  Parker 
1975;  Whitford  &  Bryant  1979;  Munger  1984;  Montanucci  1989).  No 
numerical  data  are  given  in  these  studies  that  show  the  percent  composi¬ 
tion  of  Pogonomyrmex  in  the  diet.  Pogonomyrmex  is  a  subterranean 
dwelling  ant  that  forages  for  seed  and  plant  materials.  The  harvester  ant 
is  an  important  and  common  element  of  the  Chihuahuan  Desert  arthro¬ 
pod  fauna  (Van  Pelt  1983;  Whitford  &  Ettershank  1975).  Depending  on 
seasonality,  ants  are  the  dominant  insect  in  nonvegetative  areas  of  the 
Chihuahuan  Desert  (Whitford  &  Ettershank  1975).  Pogonomyrmex  is 
relatively  abundant  in  the  grassland  areas  of  the  Chihuahuan  Desert  (Van 
Pelt  1983;  Whitford  1978). 

The  Chihuahuan  Desert  boundaries  are  situated  in  the  Rio  Grande 
drainage  of  New  Mexico  and  western  Texas  in  the  United  States,  and  in 
the  Mexican  states  of  Chihuahua,  Coahuila,  northeast  Durango,  south¬ 
western  Nuevo  Leon  and  San  Luis  Potosi  (Morafka  1977).  The  charac¬ 
teristic  vegetation  of  the  Chihuahuan  Desert  include  grasses,  cacti, 
creosote,  mesquite,  yucca  and  catclaw  (Powell  1988).  Phrynosorna 
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comuturn  is  found  almost  exclusively  in  areas  with  little  or  no  vegeta¬ 
tion,  because  heavy  plant  growth  restricts  its  movement  (Cowles  1977; 
Pianka  &  Parker  1975;  Whiting  et  al.  1993).  Phrynosoma  comuturn  is 
distributed  spatially  with  respect  to  prey  and  habitat  (Price  1990; 
Whiting  et  al.  1993).  Horned  lizards  forage  in  open  areas  where  prey 
items  are  dense,  e.g.  an  ant  trail,  the  lizards  then  become  sedentary  and 
ambush  insects  as  they  pass  (Baharav  1975;  Whitford  &  Bryant  1979; 
Whiting  et  al.  1993). 

Prey  availability  is  not  the  only  factor  that  plays  a  role  in  prey 
selection  for  the  Texas  horned  lizard.  Rissing  (1981)  suggests  that 
insects  that  are  unable  to  mount  a  collective  defense  are  more  favored 
by  Phrynosoma.  For  example,  a  single  harvester  ant  may  sting  a  horned 
lizard  several  times  as  it  is  being  swallowed.  The  end  result  is  that  the 
ant  is  eaten;  whereas,  a  large  number  of  attacking  ants  are  harder  for  the 
horned  lizard  to  manage  (Rissing  1981).  Phrynosoma  comuturn  depends 
on  camouflage  and  sedentary  behavior  to  avoid  predation  (Pianka  & 
Parker  1975;  Rissing  1981).  When  crawled  upon  by  an  ant,  P.  comu- 
tum  remains  motionless  so  as  not  to  evoke  an  alarm  response  from  the 
ant.  If  the  ant  becomes  alarmed  and  releases  its  alarm  pheromone,  the 
surrounding  ants  that  become  aroused  might  be  effective  enough  to  drive 
the  horned  lizard  away.  If  the  ants  are  unable  to  recognize  the  horned 
lizard,  the  lizard  will  try  and  remain  motionless  so  that  the  ants  will 
become  less  active  and  it  can  resume  feeding.  The  constant  movement 
by  the  ants  makes  them  difficult  to  capture  and  exposes  the  horned  lizard 
to  predation  when  the  lizard  makes  a  feeding  attempt  at  excited  prey. 
Therefore,  excessive  movement  by  horned  lizards,  either  for  capturing 
highly  evasive  prey  or  as  a  result  of  aggression  from  prey,  likely  negates 
the  advantages  of  camouflage  (Pianka  &  Parker  1975;  Rissing  1981). 
Phrynosoma  prefer  prey  that  allow  it  to  stay  relatively  stationary  and 
feed. 

The  purpose  of  this  study  was  the  identification  of  ant  prey  of  P. 
comuturn  collected  from  the  Chihuahuan  Desert  and  to  assess  the  fre¬ 
quency  and  relative  volume  of  prey  items  in  the  digestive  tract.  This 
study  contributes  to  the  knowledge  of  horned  lizard  ecology.  Greater 
detail  of  Phrynosoma  diet  will  aid  in  any  effort  to  increase  population. 
The  information  will  also  allow  evaluation  of  suitable  habitat  in  an  area 
where  reintroduction  might  be  proposed. 

Materials  and  Methods 

Thirty  adult  specimens  (17  males  and  13  females)  of  Phrynosoma 
comuturn,  collected  in  the  Chihuahuan  Desert,  were  acquired  from  the 
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vertebrate  collection  at  Sul  Ross  State  University.  Eighteen  specimens 
from  Brewster  Co.,  three  from  Presidio  Co.,  two  each  from  Hudspeth 
and  Reeves  counties,  one  each  from  Culberson  Co.,  El  Paso  Co.  and 
Jeff  Davis  Co.  of  Texas  and  one  each  from  Luna  Co.  of  New  Mexico 
and  the  Mexican  state  of  Chihuahua  were  examined.  Mean  snout- vent 
length  of  specimens  was  79  mm,  mean  tail  length  was  37  mm  and  mean 
wet  weight  was  40.28  g.  Specimens  were  collected  in  the  spring  and 
summer  months  during  various  years  ranging  from  1959  to  1998.  The 
years  were  not  consecutive.  The  lizards  examined  in  this  study  repre¬ 
sent  the  complete  collection  of  Texas  horned  lizards  from  the  Chihua- 
huan  Desert  at  Sul  Ross  State  University.  All  specimens  were  collected 
in  broken  grassland  habitat.  No  active  collecting  was  done  during  this 
study. 

j 

Analyses  involving  the  entire  digestive  system  provide  a  wider  view 
of  the  diet  over  a  greater  span  of  time,  which  allows  for  the  complete 
utilization  of  the  museum  specimen,  not  discarding  the  information 
housed  in  the  intestine.  Each  specimen  had  its  esophagus  and  cloaca 
severed  and  the  entire  gastrointestinal  tract  was  removed  for  examina¬ 
tion.  Gastrointestinal  tracts  were  examined  for  ant  prey  using  a  7-30X 
dissecting  scope.  Each  ant  prey  item  was  counted  and  identified  with 
dichotomous  keys  (Creighton  1950;  Bland  &  Jaques  1978;  Van  Pelt 
1983;  Holldobler  1990).  A  food  item  was  defined  as  a  whole  specimen 
or  the  sum  parts  representing  a  whole  specimen.  No  distinction  was 
made  between  major  and  minor  workers  of  the  ants.  Volume  in  millili¬ 
ters  was  taken  for  each  category  using  a  graduated  12  mL  centrifuge 
tube  whose  lowest  measurement  was  0. 1  mL.  Volume  was  measured 
using  Scudday  &  Dixon’s  (1973)  technique  of  placing  prey  items  of  the 
same  category  into  the  12  mL  graduated  centrifuge  tube  and  loosely 
packing  the  individuals  with  a  plastic  dowel  to  the  compactness  found  in 
the  stomach.  Prey  recovered  from  the  intestine  were  obviously  in  a 
greater  state  of  decomposition  so  a  different  method  was  devised  to 
estimate  volume,  utilizing  specimens  from  the  Sul  Ross  State  University 
invertebrate  collection.  For  example,  if  the  head  was  the  only  remains 
of  a  particular  insect,  a  representative  of  the  same  family  and  approxi¬ 
mate  size  was  used  in  place  of  the  dismembered  insect  to  give  an  esti¬ 
mated  volume.  When  most  of  the  parts  of  an  insect  could  be  recovered 
and  identified  as  belonging  together,  it  was  measured  in  the  same  man¬ 
ner  as  prey  from  the  stomach.  Stomach  and  intestinal  volumes  were 
then  added  to  calculate  a  total  volume  of  each  prey  category  for  each 
lizard.  All  contents  of  the  lizards  digestive  tract  were  saved  in  two  or 
four  dram  vials  and  are  stored  with  Sul  Ross  State  University  Inverte¬ 
brate  Collection. 
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Table  1 .  Summary  of  ant  genera  consumed  by  30  adult  Phrynosoma  cornutum  collected  in 
the  Chihuahuan  Desert. 


Genus 

Total 

Number 

Total 

Volume  (mL) 

%  Total 
Number 

%Total 

Volume 

Frequency 
in  diet 

Pogonornyrmex 

3482 

54.0 

51.38 

75.4 

90.0 

Neivamyrrnex 

1362 

4.1 

20.09 

5.7 

3.3 

Formica 

1067 

8.9 

15.74 

12.4 

20.0 

Conomyrma 

418 

0.8 

6.17 

1.1 

40.0 

Pheidole 

133 

0.7 

1.96 

1.0 

30.0 

Solenopsis 

126 

0.8 

1.86 

1.1 

10.0 

Novomessor 

93 

1.7 

1.37 

2.4 

30.0 

Crematogaster 

47 

0.0 

0.69 

— 

6.7 

Ephebomyrmex 

42 

0.5 

0.62 

0.7 

13.3 

Veromessor 

5 

0.1 

0.07 

0.1 

3.3 

Myrmecosystus 

1 

0.0 

0.01 

— 

3.3 

Pseudomyrmex 

1 

0.0 

0.01 

— 

3.3 

TOTALS 

6777 

71.6 

Parasites  were  not  included  in  this  study.  Gastrointestinal  worms  did 
occupy  substantial  space  in  many  of  the  lizards  examined,  but  because 
the  parasites  were  not  prey  items  they  were  excluded. 

Results 

A  total  of  6,777  ants,  representing  twelve  genera  were  eaten  (Table 
1).  The  ant  genus  most  often  ingested  was  Pogonornyrmex.  It  consti¬ 
tuted  the  greatest  percentage  of  total  number  and  total  volume  of  the 
entire  contents  of  the  digestive  tracts,  51.0%  and  75.0%  respectively. 
Pogonornyrmex  was  the  most  frequently  eaten  ant  (Table  1).  Phryno¬ 
soma  cornutum  with  a  mixture  of  Pogonornyrmex  and  some  other  variety 
of  ant  in  their  digestive  tract  had  a  frequency  of  53.3%  (Table  2). 
There  was  no  difference  between  males  and  females  in  consumption  of 
ant  variety. 

Discussion 

Despite  the  variability  of  horned  lizard  collection  years  and  sites,  P. 
cornutum  throughout  the  study  area  utilized  the  Pogonornyrmex  resource. 
Pogonornyrmex  is  the  dominant  ant  in  the  open  areas  of  the  Chihuahuan 
Desert  (Whitford  &  Schumacher  1976).  Whiting  et  al.  (1993)  found  that 
P.  cornutum  was  distributed  spatially  with  greater  regard  to  habitat 
rather  than  prey.  Their  finding  was  supported  by  the  observation  that 
the  second  highest  number  percentage  was  the  genus  Neivamyrrnex  at 
20.0% .  One  lizard  was  responsible  for  this  measurement.  Neivamyrrnex 
is  an  army-ant  whose  transient  colonies  number  approximately  one  mil¬ 
lion  individuals  and  are  not  typically  found  in  vegetatively  sparse  areas 
(Holldobler  1990).  It  is  likely  that  a  colony  was  moving  through  the 
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Table  2.  Diet  composition  of  Pogonomyrmex  with  other  ant  varieties  in  Texas  horned  lizards 
{Phry nosoma  cornutum). 


Frequency  of  Ingestion 


Gastrointestinal  Content 


36.7% 

53.3% 

10.0% 


Pogonomyrmex  only 

Pogonomyrmex  and  some  other  variety  of  ant 
Some  variety  of  ant  other  than  Pogonomyrmex 


sparsely  vegetated  area  where  the  horned  lizard  was  collected  (SRSU 
original  data  collection  sheet).  The  horned  lizard  utilized  the  ants  as 
opportunistic  food  items.  Pogonomyrmex  were  also  found  in  this  horned 
lizard,  which  suggests  that  it  was  not  for  lack  of  Pogonomyrmex  that  the 
lizard  fed  on  the  Neivamyrmex.  When  other  ant  sources  are  located  in 
its  habitat,  P,  cornutum  can  exploit  them  as  food.  Pogonomyrmex  and 
other  ant  varieties  were  mixed  in  the  diet  of  53.3%  of  the  specimens 
(Table  2).  Phrynosoma  are  morphologically  designed  for  eating  ants  in 
areas  with  little  vegetative  growth. 

Phrynosoma  cornutum  in  the  Chihuahuan  Desert  relies  on 
Pogonomyrmex  as  its  primary  food  source,  largely  due  to  it  being  the 
most  abundant  insect  in  its  habitat.  However,  Veromessor  is  another 
common  harvester  ant  located  in  P.  cornutum  habitat  (Holldobler  1990). 
Rissing  (1981)  states  that  this  variety  of  harvester  is  much  more 
aggressive  than  Pogonomyrmex.  Veromessor  was  not  consumed  at  a 
high  frequency  (Table  1),  which  may  be  a  result  of  the  reported 
aggressive  behavior.  Other  common  varieties  of  ants,  e.g.,  Pheidole 
and  Novomessor,  were  eaten  in  one  third  of  the  specimens,  but  hardly 
provide  the  volume  of  individuals  needed  to  maintain  nutritive 
requirements  of  adult  horned  lizards.  Conomyrma  is  a  very  small  ant 
common  in  open  grassland  habitat  and  even  though  it  was  found  in  40% 
of  the  specimens,  it  only  accounted  for  1  %  total  volume  of  diet. 


Conclusions 


Pogonomyrmex  have  several  characteristics  that  make  them  more 
favorable  prey  items  than  other  harvester  ants.  They  are  relatively 
large,  which  makes  them  higher  in  caloric  value,  and  their  colonies  have 
high  foraging  numbers  for  most  species,  which  makes  them  more  availa¬ 
ble.  Pogonomyrmex  may  not  be  as  aggressive  as  other  varieties  of 
harvesters.  Pogonomynnex  nests  in  open  grassland  areas  of  the 
Chihuahuan  Desert.  Aggressiveness  of  prey,  availability  and  habitat 
appear  to  be  major  factors  in  prey  selection  for  P.  cornutum  of  the 
Chihuahuan  Desert. 
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REPRODUCTION  IN  THE 

SONORAN  SHOVELNOSE  SNAKE  {CHIONACTIS  PALAROSTRIS)  AND 
THE  WESTERN  SHOVELNOSE  SNAKE  {CHIONACTIS  OCCIPITALIS) 
(SERPENTES:  COLUBRIDAE) 

Stephen  R.  Goldberg  and  Philip  C.  Rosen 

Department  of  Biology,  Whittier  College 
Whittier,  California  90608  and 
Department  of  Ecology  &  Evolutionary  Biology 
University  of  Arizona,  Tucson,  Arizona  85721 

Abstract.— Reproductive  tissue  was  examined  from  20  museum  specimens  of  Chionactis 
palarostris  and  48  specimens  of  Chionactis  occipitalis  from  Arizona  and  Sonora,  Mexico. 
Males  of  C.  palarostris  and  C.  occipitalis  undergo  testicular  cycles  in  which  spermiogenesis 
occurs  in  spring-early  summer.  Female  reproductive  activity  takes  place  during  this  period. 
Mean  clutch  size  for  C  palarostris  (n  =  5)  was  4.2  ±  0.45  SD,  range  =  4-5.  Clutches 
recorded  from  C.  occipitalis  (2,  3,  in  this  paper)  fall  within  the  range  previously  reported 
for  this  species.  Reproductive  cycles  of  C.  palarostris  and  C.  occipitalis  appear  similar  to 
that  of  other  fossorial  North  American  desert  snakes  in  which  sperm  formation  coincides  with 
the  period  of  maximum  aboveground  activity. 


The  Sonoran  shovel  nose  snake,  Chionactis  palarostris  is  known  from 
extreme  southern  Arizona,  mainly  in  Organ  Pipe  Cactus  National  Monu¬ 
ment,  south  to  El  Desemboque,  (north  of  Kino  Bay)  to  the  Guay  mas 
area,  Sonora,  Mexico;  in  the  Arizona  Upland,  Plains  of  Sonora,  and 
Central  Gulf  Coast  subdivisions  of  the  Sonoran  Desert  but  not  in  the 
Lower  Colorado  River  Valley  subdivision  from  sea  level  to  around  760 
m  (Blake  1970;  Brown  &  Lowe  1980;  Stebbins  1985).  There  are  only 
two  anecdotal  reports  on  the  reproductive  biology  of  this  species 
(Klauber  1951;  Rosen  et  al.  1996).  The  western  shovelnose  snake, 
Chionactis  occipitalis  occurs  from  southwestern  Nevada  to  the  upper  end 
of  the  Gulf  of  California,  Mexico,  and  southern  Arizona  to  the  desert 
base  of  peninsular  ranges  of  southern  California  (Stebbins  1985).  Anec¬ 
dotal  reports  of  reproduction  in  this  species  appear  in  Cowles  (1941), 
Wright  &  Wright  (1957),  Stebbins  (1954;  1985)  and  Behler  &  King 
(1979).  Goldberg  (1997)  reported  on  a  histological  examination  of 
reproductive  tissue  from  museum  specimens  of  this  species  from  Cali¬ 
fornia.  The  purpose  of  this  note  is  to  provide  information  on  the 
reproductive  cycles  of  C.  palarostris  and  C.  occipitalis  from  a  histologi¬ 
cal  examination  of  reproductive  tissue  from  preserved  museum  speci¬ 
mens  from  Arizona  and  Sonora,  Mexico. 
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Materials  and  Methods 

A  sample  of  20  adult  specimens  of  C.  palarostris  was  examined  from 
the  herpetology  collections  of  the  Natural  History  Museum  of  Los 
Angeles  County,  Los  Angeles  (LACM)  and  The  University  of  Arizona, 
Tucson  (UAZ).  In  addition,  data  is  included  from  three  gravid  females 
from  Rosen  et  al,  (1996)  and  one  from  Klauber  (1951)  (SVL  missing). 
Females  {n  =  6),  including  three  from  Rosen  et  al.  (1996),  had  a  mean 
Snout- Vent  Length  (SVL)  of  270  mm  ±  25  SD,  range  =  248-309  mm; 
for  males  (n  =  17)  mean  SVL  =  252  mm  +  20  SD,  range  =  208-281 
mm.  Snakes  were  collected  1950-1993. 

A  sample  of  48  adult  C  occipitalis  was  examined  from  the  herpe¬ 
tology  collections  of  Arizona  State  University  (ASU),  LACM  and  UAZ. 
Females  {n  =  9)  had  a  mean  SVL  of  278  mm  +  27  SD,  range  = 
238-315  mm;  for  males  (n  =  39)  mean  SVL  =  250  mm  ±  28  SD, 
range  =  201-344  mm.  Snakes  were  collected  1956-1996. 

Counts  were  made  of  enlarged  follicles  (>  6  mm  length).  The  left 
testis,  vas  deferens  and  part  of  the  kidney  were  removed  from  males;  the 
left  ovary  was  removed  from  females  for  histological  examination.  Tis¬ 
sues  were  embedded  in  paraffin  and  cut  into  sections  at  5  pm.  Slides 
were  stained  with  Harris’  hematoxylin  followed  by  eosin  counterstain. 
Testes  slides  were  examined  to  determine  the  stage  of  the  male  cycle; 
ovary  slides  were  examined  for  the  presence  of  yolk  deposition.  Vasa 
deferentia  were  examined  for  sperm.  Slides  of  kidney  sexual  segments 
were  examined  for  secretory  activity.  Because  some  of  the  specimens 
were  road-kills,  not  all  tissues  were  available  for  histological  examina¬ 
tion.  Number  of  specimens  examined  by  reproductive  tissue  for  C. 
palarostris  were  testis  =  14,  vas  deferens  =11,  kidney  =  12,  ovary  = 
7;  for  C  occipitalis  testis  =  39,  vas  deferens  =  19,  kidney  =  22, 
ovary  =  9. 

Material  examined. —Sptcxmtm  of  Chionactis  palarostris  and 
Chionactis  occipitalis  were  examined  from  the  herpetology  collections 
of  Arizona  State  University  (ASU),  Natural  History  Museum  of  Los 
Angeles  County  (LACM)  and  The  University  of  Arizona,  Tucson  (UAZ). 

Chionactis  palarostris:  ARIZONA,  PIMA  COUNTY,  15  specimens 
(LACM  34915,  47889,  52166-52168,  67276,  UAZ  39835,  40390,  47818-47820, 
47858,  47905-47906,  50154). 

MEXICO,  SONORA,  5  specimens  (LACM  9122,  52156-52157;  UAZ 
20972,  31276). 
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Chionactis  occipitalis:  ARIZONA,  LA  PAZ  COUNTY,  7  specimens 
(ASU  23601,  23603,  LACM  27693,  27703,  UAZ  38537,  49073,  50011); 
MARICOPA  COUNTY,  10  specimens  (ASU  1406,  2594,  3856,  3858,  13866, 
13883,  13888,  22599,  27419,  LACM  2192);  PIMA  COUNTY,  8  specimens 
(LACM  52199,  64303,  UAZ  20955,  20960,  28515,  28558,  32644,  50149); 
PINAL  COUNTY,  3  specimens  (ASU  26410,  UAZ  43005,  50376);  YUMA 
COUNTY,  10  specimens  (ASU  15851,  23605,  LACM  27694,  27696,  52197, 
63617,  UAZ  34407-34408,  42945,  50375). 

MEXICO,  SONORA,  10  specimens  (UAZ  20982,  20987,  20991, 
20994-20997,  32308,  35789-35790). 

Results  and  Discussion 

Testicular  histology  was  similar  to  that  reported  by  Goldberg  & 
Parker  (1975)  for  two  colubrid  snakes,  Masticophis  taeniatus  and 
Pituophis  catenifer  (  =  P.  melanoleucus) .  In  the  regressed  testes, 
seminiferous  tubules  contained  spermatogonia  and  Sertoli  cells.  In 
recrudescence,  there  was  renewal  of  spermatogenic  cells  characterized 
by  spermatogonial  divisions;  primary  and  secondary  spermatocytes  and 
spermatids  were  occasionally  present.  In  spermiogenesis,  metamorphos¬ 
ing  spermatids  and  mature  sperm  were  present. 

Data  on  the  monthly  occurrence  of  stages  in  the  testicular  cycles  are 
given  in  Table  1  (C.  palarostris)  and  Table  2  (C.  occipitalis).  While  the 
samples  were  too  small  to  give  definitive  descriptions  of  the  testicular 
cycles,  the  periods  of  spermiogenesis  included  May-July  for  C.  palaros¬ 
tris  and  April-July  for  C.  occipitalis.  This  approximates  the  months  of 
maximum  aboveground  activity  for  both  species  in  Arizona  (Rosen  et  al. 
1996).  The  smallest  reproductively-active  males  (spermiogenesis  in 
progress)  measured  208  mm  SVL  for  C.  palarostris  and  201  mm  SVL 
for  C  occipitalis. 

Sperm  were  present  in  the  vasa  deferentia  of  all  males  during  the 
following  months  (sample  sizes  in  parentheses):  C.  palarostris:  May  (6), 
June  (2),  July  (3);  C  occipitalis:  April  (4),  May  (7),  June  (7),  July  (1) 
indicating  the  period  (C. May-July;  C.  occipitalis,  April-July) 
during  which  time  each  species  has  the  potential  for  breeding. 

Kidney  sexual  segments  were  enlarged  and  contained  secretory 
granules  in  all  males  (sample  sizes  in  parentheses) :  C.  palarostris:  April 
(1);  May  (8);  June  (1);  July  (2);  C  occipitalis:  April  (3);  May  (10); 
June  (8);  August  (1).  Mating  in  snakes  coincides  with  hypertrophy  of 
the  kidney  sexual  segment  (Saint  Girons  1982). 
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Table  1 .  Monthly  distribution  of  conditions  in  seasonal  testicular  cycle  of  male  Chionactis 
palarostris.  Values  shown  are  the  numbers  exhibiting  each  of  the  three  conditions. 


Month 

n 

Regressed 

Recrudescence 

Spermiogenesis 

April 

1 

1 

0 

0 

May 

6 

0 

1 

5 

June 

3 

0 

0 

3 

July 

4 

0 

0 

4 

Seven  C  palarostris  females  were  examined.  Four  of  these  from 
Pima  County,  AZ,  contained  enlarged  follicles  (>  6  mm  length)  which 
would  have  presumably  been  ovulated.  This  sample  consisted  of  (1): 
SVL  =  265  mm,  4  enlarged  follicles,  7  July  and  three  females  from 
Rosen  et  al.  (1996):  (2)  SVL  =  248  mm,  4  enlarged  follicles,  13  May; 
(3)  SVL  =  309  mm,  4  enlarged  follicles,  23  May;  (4)  SVL  =  293  mm, 
5  enlarged  follicles,  26  May.  With  the  addition  of  a  clutch  size  of  4 
from  Pima  County,  AZ  from  the  literature  (Klauber  1951),  mean  clutch 
size  =  4.2  +  0.45  SD,  range  =  4--5  for  5  gravid  C  palarostris.  There 
was  no  SVL  nor  date  given  in  the  clutch  reported  by  Klauber  (1951). 
One  female  from  June  (SVL  =  253  mm)  and  1  from  September  (SVL 
”  253  mm)  were  not  undergoing  yolk  deposition.  The  smallest  repro- 
ductively-active  C  palarostris  measured  248  mm  SVL. 

Nine  C.  occipitalis  females  were  examined.  Two  of  these  were 
reproductively  active.  One  from  La  Paz  County,  SVL  =  265  mm,  23 
April  contained  2  enlarged  follicles  (>  10  mm  length);  one  from  Yuma 
County,  SVL  =  302  mm,  3  June  contained  3  oviductal  eggs.  Seven 
other  females  were  not  undergoing  yolk  deposition:  1  from  February, 
SVL  =  297  mm;  1  from  April,  SVL  =  288  mm;  2  from  May,  SVLs 
==  238  mm,  279  mm;  1  from  June,  SVL  =  238  mm;  1  from  July,  SVL 
=  277  mm;  1  from  October,  SVL  =  315  mm.  The  sample  of  repro¬ 
ductively  active  females  is  too  small  to  give  a  minimum  size  for  female 
reproductive  activity.  Goldberg  (1997)  reported  the  minimum  size  for 
reproductive  activity  in  female  C.  occipitalis  from  California  was  257 
mm  SVL. 

Combining  the  female  reproductive  data  for  C  occipitalis  from  this 
report  and  from  Goldberg  (1997),  gives  a  mean  clutch  size  of  2.6  ± 
0.74  SD  (n  =  8;  range  =  2-4).  Mean  clutch  sizes  of  C.  palarostris  are 
significantly  larger  than  C.  occipitalis  using  either  non-parametric  or 
parametric  tests  {df  =  11,  t  =  4.77,  P  <  0.001).  The  clutch  size  of  the 
Sonoran  shovel-nosed  snake  may  thus  be  more  like  that  of  other  closely 
related  and  geographically  proximal  snakes:  the  ground  snake,  Sonora 
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Table  2.  Monthly  distribution  of  conditions  in  seasonal  testicular  cycle  of  male  Chionactis 
occipitalis.  Values  shown  are  the  numbers  exhibiting  each  of  the  three  conditions. 


Month 

n 

Regressed 

Recrudescence 

Spermiogenesis 

April 

1 

0 

0 

7 

May 

18 

0 

2 

16 

June 

12 

0 

0 

12 

July 

1 

0 

0 

1 

August 

1 

1 

0 

0 

semiannulata;  mean  clutch  size  =  ca  4.1,  see  Kassing  (1961)  and  Fitch 
(1970)  and  filetail  ground  snake,  Sonora  aemula;  mean  clutch  size  = 
4.2  +  1.6  SD,  n  =  5,  range  3~7  (Holm  pers.  comm.;  Zweifel  &  Norris 
1955). 

In  California  C  occipitalis  males  undergoing  spermiogenesis  were 
found  March-July  (Goldberg  1997)  indicating  a  testicular  cycle  similar 
to  that  which  occurs  for  this  species  in  Arizona  and  Sonora,  Mexico. 
Clutch  sizes  for  C.  occipitalis  females  from  California  ranged  from  2-4 
(Goldberg  1997).  The  two  clutch  sizes  reported  herein  from  Arizona  (2 
and  3)  fall  within  this  range.  However  the  April  Arizona  female  with 
enlarged  follicles  indicates  female  reproductive  activity  begins  earlier  in 
Arizona  than  in  California  where  the  first  female  with  enlarged  follicles 
was  recorded  from  May  (Goldberg  1997).  The  last  reproductively 
active  California  C  occipitalis  female  was  from  July  (Goldberg  1997). 
Chionactis  palarostris  and  C.  occipitalis  female  reproductive  activity 
occurs  within  the  periods  males  are  undergoing  spermiogenesis. 

Both  C,  palarostris  and  C.  occipitalis  appear  to  follow  seasonal 
reproductive  cycles  in  which  spermiogenesis  approximates  the  periods 
of  maximum  aboveground  activity  for  these  species  in  Arizona  as  report¬ 
ed  by  Rosen  et  al.  (1996).  This  type  of  cycle  has  been  previously  re¬ 
ported  for  other  North  American  fossorial  desert  snakes:  Chilomeniscus 
cinctus,  Phyllorhynchus  browni,  P.  decurtatus,  C.  occipitalis  (cf. 
Goldberg  1995;  1996;  1997).  While  useful  information  on  reproductive 
biology  can  be  obtained  from  examination  of  reproductive  tissue  from 
preserved  museum  specimens,  subsequent  field  studies  on  C.  occipitalis 
and  C.  palarostris  will  be  required  before  all  aspects  of  the  reproductive 
biology  of  these  snakes  are  known. 
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FECAL  ANALYSIS  AS  AN  INDICATOR  OF 
POST  HIBERNATION  SHIFTS  IN  THE  GUT  MICROELORA 
OF  THE  THIRTEEN-LINED  GROUND  SQUIRREL 
{SPERMOPHILUS  TRICECEMLINEATUS) 

Bonnie  L.  Blossman-Myer  and  Frederick  B.  Stangl,  Jr. 

Department  of  Biology,  Midwestern  State  University 
Wichita  Falls,  Texas  76308 

Abstract. — Monthly  fecal  analysis  of  five  specimens  of  the  thirteen-lined  ground  squirrel 
{Spermophilus  tridecemlineatus)  maintained  under  normal  laboratory  conditions  from  Novem¬ 
ber  1997  through  9  April  1998  charted  the  micro  floral  responses  to  emergence  of  the  host 
animals  from  semi-torpid  conditions  approximating  hibernation  to  the  active  state.  Gram¬ 
negative  taxa  included  in  the  study  were:  Enterobacter  hermanii,  Klebsiella  sp.,  Proteus 
mirabilis,  Escherichia  coli  and  a  miscellaneous  assemblage  of  coliforms.  Gram-positive 
bacteria  assessed  were:  Staphylococcus  aureus  and  Enterococcus  sp.  Individual  ground 
squirrels  maintained  unique  microflora  that  varied  in  diversity  throughout  the  study.  General 
population  trends  observed  over  time  included  a  significant  February  peak  of  gram-negative 
taxa  and  a  March-to- April  decline  of  gram-positive  cocci.  Declines  in  microbial  populations 
from  February  numbers  coincided  with  an  apparent  inability  of  ground  squirrels  to  digest 
dietary  fat  as  weight  loss  occurred  through  metabolism  of  body  fat. 


The  vertebrate  gut  provides  a  continuum  of  diverse  microhabitats  for 
bacteria  that  differ  in  features  such  as  presence  or  absence  of  ceca  or 
crypts,  pH,  osmotic  pressure,  cellular  secretions  and  varied  states  of 
ingested  nutrient  breakdown  (Clark  1977).  The  extent  to  which  diet 
influences  these  internal  environmental  factors  (and  thereby  the  resident 
microbial  flora)  has  been  well  documented  for  laboratory  rodents  (Smith 
1965;  Tannock  &  Savage  1974)  and  humans  (Lee  1966;  Franklin  & 
Skoryna  1971;  Drasar  &  Hill  1974;  Nord  &  Kager  1984;  Sharma  et  al. 
1995a,  1995b;  Sharma  &  Schumacher  1996).  Malnutrition  produces 
even  more  profound  effects  on  microbial  composition  than  diet  alteration 
in  humans  (Scrimshaw  et  al.  1969)  and  mice  (Tannock  &  Savage  1974). 
Nevertheless,  the  intestinal  microflora  is  normally  stable,  because  only 
extreme  changes  in  diet  may  significantly  influence  composition  of  the 
gut  microflora  (Haenel  1961;  Drasar  &  Hill  1974). 

Distribution  of  constituent  microbial  taxa  along  the  gut  are  influenced 
by  these  internal  factors  and  the  peristaltic  contractions  that  force  intes¬ 
tinal  contents  from  a  mouth- to-anus  direction  (Donaldson  1968).  Peri¬ 
stalsis  in  mammals  is  strongest  in  the  jejunum  and  becomes  progressive¬ 
ly  weaker  towards  the  ileo-caecal  valve,  where  it  may  be  terminated. 
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which  may  explain  the  higher  concentrations  of  microorganisms  in  the 
terminal  ileum  and  colon  (Drasar  &  Hill  1974).  Up  to  40%  of  fecal 
material  in  the  colon  is  comprised  of  bacterial  cells  representing  both 
indigenous  microbes  and  a  mixed  sample  of  taxa  carried  "downstream" 
from  upper  regions  of  the  gut  (Savage  1977).  Consequently,  bacterial 
composition  of  defecated  fecal  matter  has  been  demonstrated  to  closely 
mirror  the  microfloral  composition  of  the  cecum  in  vertebrates  (Smith 
1965). 

Most  species  of  bacteria  that  have  been  isolated  from  the  vertebrate 
intestinal  tract  are  separated  into  three  groups:  contaminants  from  the 
external  environment  or  other  parts  of  the  body  (species  of  Staphylo¬ 
coccus  and  Bacillus)',  the  indigenous  flora  which  reside  in  smaller 
numbers  (members  of  the  family  Enterobacteriaceae) ;  and  the  micro¬ 
organisms  which  are  present  in  large  numbers  (mostly  species  of 
Bacteroides)  (Drasar  &  Hill  1974). 

The  family  Enterobacteriaceae  includes  facultative  anaerobic,  gram¬ 
negative,  either  motile  or  non-motile,  non-spore  forming  rods  (Kauffman 
1969).  These  microorganisms  are  constantly  present  as  part  of  the 
normal  flora  (Drasar  &  Hill  1974).  Esherichia  coli  was  considered  the 
predominant  organism  in  the  mammalian  gut  for  many  years  before  the 
discovery  of  large  populations  of  obligatory  anaerobic  organisms  which 
proved  to  be  the  predominant  type  of  organism  (Clarke  1977).  Some 
examples  of  the  family  {E.  coli,  Klebsiella  and  Proteus)  comprise  part 
of  a  group  referred  to  as  coliforms  (gram-negative  rods  that  ferment 
lactose  and  form  gas) .  These  bacteria  are  facultative  anaerobes  that  do 
not  form  spores.  Some  coliforms,  such  as  E.  coli,  are  known  to  release 
colicins  into  the  intestinal  lumen,  which  inhibit  the  proliferation  of  other 
bacteria  (Drasar  &  Hill  1974). 

Two  families  of  gram-positive  cocci  which  are  facultative  anaerobes 
are  common  inhabitants  of  the  vertebrate  gut  (Smith  1965;  Drasar  &  Hill 
1974).  The  Lactobacillaceae  includes  the  genus  Streptococcus,  which 
is  found  in  the  mouth  and  intestinal  tract,  and  is  one  of  the  dominant 
groups  of  facultative  anaerobes  in  the  mammalian  intestine.  The  family 
Micrococcaceae  includes  the  genus  Staphylococcus,  a  typical  resident  of 
the  mouth  and  intestinal  tract  that  can  also  be  contracted  as  an  external 
contaminant  from  the  skin  of  the  animal  or  the  environment. 
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Humans  and  laboratory  mammals  afford  rather  constant  optimal  com 
ditions  for  bacterial  growth  and  survival.  It  is  therefore  not  surprising 
that  some  functionally  heterothermic  mammals,  such  as  ground  squirrels 
(Spermophilus) ,  have  attracted  the  attention  of  microbiologists.  Previous 
studies  (Schmidt  1963,  1967;  Barnes  &  Burton  1970)  have  dealt  wholly 
or  in  part  with  the  thir teen-lined  ground  squirrel  (S.  tridecemlineatus), 
because  it  is  an  abundant  and  readily  obtainable  species  throughout  the 
central  North  American  grasslands  (Streubel  &  Fitzgerald  1978),  and  is 
easily  maintained  in  captivity. 

Hibernation  in  ground  squirrels  is  preceded  by  frantic  feeding  efforts 
to  acquire  sufficient  fat  reserves  to  last  the  winter  months.  Hibernating 
Spermophilus  studied  in  captivity  experienced  a  metabolic  slowdown 
characterized  by  loss  of  appetite,  lethargy,  minimal  respiration  and 
circulation,  and  a  decline  in  body  temperature  (Wade  1930;  Fisher 
1964).  Captive  ground  squirrels  are  known  to  become  torpid  even  under 
normal  laboratory  conditions  in  well-lighted  rooms  with  various  tem¬ 
peratures  and  bedding  arrangements,  and  with  food  and  water  available. 
Fisher  (1964)  found  that  hibernation  was  not  a  continual  condition  in  S, 
tridecemlineatus,  because  all  animals  studied  aroused  periodically  to 
urinate,  eat,  drink  and  defecate  on  an  irregular  basis.  The  intestinal 
epithelium  has  also  been  reported  to  be  active  in  the  arctic  ground 
squirrel  {S.  parryii)  during  hibernation  (Schmidt  1967). 

Previous  microbiological  investigations  of  ground  squirrels  (cecal 
material  removed  by  dissection  from  S.  tridecemlineatus,  Barnes  & 
Burton  1970;  fecal  analysis  of  pellets  from  S.  parryii,  Schmidt  1963) 
detailed  significant  microfloral  shifts  in  animals  making  the  transition 
from  the  active  state  to  hibernation  that  was  initiated  and  maintained  by 
subjecting  animals  to  near-freezing  conditions  of  3-8°C.  With  few 
exceptions  involving  generic  identifications,  bacterial  taxa  were  placed 
only  in  general  morphological  groupings. 

It  was  the  purpose  of  this  study  to  detail  the  individual  and  collective 
microfloral  changes  in  five  individuals  of  S.  tridecemlineatus  as  each 
reverted  from  the  lethargic  state  approximating  hibernation  in  captivity 
to  a  more  active  condition.  Utilization  of  a  series  of  recently  developed 
and  commercially  available  media  permitted  more  specific  levels  of  iden¬ 
tification  of  taxa  than  previous  studies,  allowing  for  greater  resolution 
of  individual  microbial  responses  associated  with  the  physiological 


162 


THE  TEXAS  JOURNAL  OF  SCIENCE— VOL.  51,  NO.  2,  1999 


changes  that  occurred  with  emergence  from  hibernation. 

Materials  and  Methods 

Experimental  animals  of  Spermophilus  tridecemlineatus 

were  obtained  from  natural  populations  in  Wichita  Falls,  Texas  during 
the  month  of  September  1997  and  transported  to  the  Animal  Care 
Facility  of  Midwestern  State  University.  In  an  effort  to  minimize 
individual  variation,  only  female  animals  were  selected  for  this  study, 
although  Ducluzeau  (1984)  found  that  gender  was  not  an  important 
determinant  of  gut  floral  diversity  in  a  variety  of  laboratory  animals. 

Animals  were  housed  in  glass  aquaria  lined  with  cedar  chips.  Floor 
space  dimensions  (in  cm)  ranged  from  90  by  43  to  180  by  43.  Water 
and  compressed  alfalfa  pellets  were  available  ad.  lib.  at  all  times.  Con¬ 
trolled  environmental  conditions  included  a  constant  temperature  of 
25 °C  and  12  h  alternating  photoperiods. 

Collection  of  fecal  specimens.— F teal  material  was  collected  at 
approximately  one-month  intervals,  beginning  on  10  November  1997 
and  ending  on  9  April  1998.  Observations  of  relative  level  of  activity 
and  alertness  of  squirrels  were  noted  at  the  time  of  fecal  specimen 
collection.  Animals  were  placed  in  individual  holding  cages  lined  with 
plastic  until  defecation  occurred.  Fecal  pellet  morphology  was  recorded 
and  pellets  were  removed  as  soon  as  possible,  with  intervals  varying 
from  immediately  following  defecation  to  periods  of  several  hours  after 
defecation.  Animals  were  then  weighed  to  the  nearest  0.1  g  on  a  triple¬ 
beam  balance  and  returned  to  their  cages.  Individual  samples  of  two  to 
three  pellets  (depending  on  size)  were  retained  from  each  animal  for 
processing.  Fecal  samples  were  weighed  with  a  Denver  Instrument 
precision  balance  to  the  nearest  0.001  g. 

Processing  of  fecal  specimens  .—Tht  initial  series  of  tests  served  as  a 
basis  for  determining  standard  concentration  and  serial  dilutions  for 
subsequent  procedures.  The  initial  fecal  sample  served  as  a  reference 
standard  for  defining  subsequent  diluent  volumes.  The  initial  fecal 
sample  was  weighed,  added  to  2  ml  of  sterile  dH20,  and  macerated  with 
a  sterile  metal  spatula  until  a  homogeneous  suspension  was  achieved. 
Using  a  sterile  1  ml  pipette,  0.25  ml  of  this  undilute  suspension  was 
spread  onto  one  of  each  of  three  types  of  selective  and  differential  agar 


BLOSSMAN-MYER  &  STANCE 


163 


plates.  Serial  dilutions  of  1  x  10'^  and  1  x  10'^  were  also  prepared  from 
subsequent  fecal  samples.  Of  the  three  concentrations,  the  dilution  that 
provided  countable  colonies  served  as  a  standard.  All  ensuing  fecal 
samples  were  then  diluted  in  a  volume  proportional  to  the  original 
diluent  and  fecal  sample. 

Bacterial  growth  and  identification  Identification  of  bacterial 

taxa  was  accomplished  with  two  proprietary  chromogenic  agars  obtained 
from  CHROMagar  (198  North  Queens  Ave.,  North  Massapequa,  New 
York  11758),  which  were  prepared  according  to  the  manufacturer’s 
instructions  24  h  before  use.  Selection  of  the  two  agar  types  used  in  this 
study  was  based  on  taxonomic  breadth  afforded  by  each.  CHROMagar 
media  has  been  shown  to  be  effective  in  identification  and  discrimination 
of  various  populations  in  microbial  cultures  (Odds  &  Bernaerts  1994; 
Beighton  et  al.l995;  Merlino  et  al.  1996;  Pfaller  et  al.  1996). 
CHROMagar  Orientation  media  permitted  identification  by  the  selective 
growth  of  color-coded  colonies  of  Escherichia  coli  (pinkish-red 
colonies),  Proteus  mirabilis  (brown  colonies).  Staphylococcus  aureus 
(opaque-cream  colonies),  S.  saprophyticus  (pink  colonies),  the  genera 
Klebsiella  (metallic  blue  colonies)  and  Streptococcus  (turquoise 
colonies).  The  0157  media  identified  Enterobacter  hermanii  (white 
colonies),  Proteus  mirabilis  (brown  colonies)  and  general  coliforms  (blue 
colonies).  A  third  medium  which  selected  for  Salmonella  was  discon¬ 
tinued  after  two  months  because  of  negative  findings  in  each  of  the 
squirrels.  Plates  were  incubated  at  a  temperature  of  37 °C  for  24  h. 
Upon  removal  from  incubation,  plates  were  scored  with  the  aid  of  a 
Quebec  darkfield  colony  counter  and  the  colors  of  the  colonies  were 
noted. 

Statistical  analyses  .—Colony  count  data  were  log-transformed  prior 
to  statistical  analyses.  Analyses-of- variance  {ANOVA^)  and  Duncan’s 
multiple  means  tests  were  run  to  determine  the  presence  of  any 
statistically  significant  variation  (at  the  P  <  0.05  level)  between  samples 
in  this  study.  All  statistical  operations  were  performed  using  the  NCSS 
97  statistical  package  (Hintze  1997). 

Results 

Ground  squirrels  had  already  acquired  a  noticeable  accumulation  of 
body  fat  by  the  onset  of  the  study,  and  the  mean  body  mass  remained 
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fairly  constant  through  the  first  three  sampling  periods  of  November, 
December  and  February  (174.6  g,  182.2  g  and  184.1  g,  respectively). 
Significant  weight  fluctuations  (at  P  <  0.05  level,  Duncan’s  test)  were 
experienced  during  the  last  two  sampling  periods. 

March  weighings  indicated  a  significant  decline  in  mean  body  mass 
to  147.9  g  (r  =  -0.51;  ANOVA,  P  <  0.0001)  and  subsequent  April 
increase  to  164.4  g.  Fecal  pellet  morphology  collected  of  each  animal 
during  early  March  differed  strikingly  from  the  dark  and  tightly  com¬ 
pacted  pellets  taken  both  before  and  after  this  sampling  period.  Consis¬ 
tency  was  soft  and  pasty,  and  coloration  was  of  a  distinct  yellowish 
color,  although  presence  of  roughage  indicated  that  animals  were  still 
feeding  on  the  alfalfa  pellets. 

General  microbial  population  trends .—Vwt  categories  of  gram-nega¬ 
tive  bacteria  {Enterobacter  hermanii,  Klebsiella  sp.,  Proteus  mirabilis, 
Escherichia  coli  and  the  assemblage  of  general  coliforms)  and  two  gram¬ 
positive  taxa  {Staphylococcus  aureus  and  Enterococcus  sp.)  were  detect¬ 
ed  with  the  CHROMagar  media  (Table  1). 

The  entire  bacterial  population  in  each  squirrel  experienced  significant 
temporal  fluctuations  {ANOVA,  P  <  0.001)  with  an  overall  decline  (r 
=  -  0.43)  during  the  course  of  the  study.  Colony  numbers  from  the 
first  two  sampling  periods  did  not  differ  significantly  (at  <  0.05  level, 
Duncan’s  test),  but  the  dramatic  February  increase  and  successive  sharp 
declines  in  March  and  April  were  each  significant. 

Pooled  samples  of  gram-negative  and  gram-positive  taxa  experienced 
gradual  overall  declines  during  the  study  period  (Fig.  1),  although 
patterns  of  decline  differed.  Gram-negative  bacteria  experienced  signifi¬ 
cant  population  growth  during  the  February  sampling  period  (Fig.  la), 
but  colony  counts  did  not  otherwise  vary  significantly  (at  P  <  0.05 
level,  Duncan’s  test).  Numbers  of  gram-positive  taxa  remained  steady 
through  the  February  sampling  period  (Fig.  lb),  before  experiencing  two 
successive  declines  (at  P  <  0.05  level,  Duncan’s  test). 

Individual  microbial  trends .—\nA\\i\d\xd\  categories  of  both  gram¬ 
negative  and  gram-positive  bacteria  responded  similarly  to  pooled 
samples  (Fig.  2);  gram-negative  taxa  demonstrated  prominent  February 
peaks  and  gram-positive  taxa  experienced  a  steady  and  pronounced 
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Table  1 .  Monthly  microbial  colony  counts  of  fecal  samples  expressed  in  number  of  colonies 
per  gram  from  five  specimens  of  Spermophilus  tridecemlineatus ,  as  determined  by 
cultures  on  CHROMagar  media. 


Bacteria 

Dates  of  Collection  (1997-98) 

10  November 

1  January 

4  February 

5  March 

9  April 

Squirrel 

Enterobacter  heimanii 

2.98  X  10^ 

1.00  X  102 

8.90  X  10' 

5.70  X  10' 

7.40  X  102 

Klebsiella  spp. 

— 

— 

— 

— 

— 

Proteus  nurabilis 

5.41  X  10- 

2.11  X  10' 

2.00  X  10' 

— 

1.30  X  10' 

Escherichia  coli 

1.08  X  10^ 

2.17  X  102 

1.62  X  10' 

— 

— 

General  coliforms 

8.10  X  10' 

1.60  X  10' 

4.05  X  10' 

1.35  X  10' 

— 

Staphylococcus  aureus 

8.10  X  10' 

3.52  X  102 

4.60  X  10' 

- 

1.25  X  102 

Enterococcus  sp. 

7.85  X  10" 

3.68  X  10' 

1.30  X  10' 

1.06  X  10' 

4.20  X  10' 

Squirrel  HI 

Enterobacter  hermanii 

1.10  X  10' 

2.70  X  10' 

2.30  X  10' 

2.70  X  10' 

9.80  X  10' 

Klebsiella  sp. 

— 

— 

— 

— 

— 

Proteus  mirabilis 

2.70  X  10' 

— 

— 

— 

— 

Escherichia  coli 

1.73  X  10^ 

— 

— 

— 

— 

General  coliforms 

— 

— 

— 

— 

— 

Staphylococcus  aureus 

— 

1.63  X  102 

2.00  X  10' 

2.70  X  10' 

7.13  X  10' 

Enterococcus  sp. 

8.02  X  10' 

6.50  X  102 

4.32  X  10' 

3.82  X  10' 

2.10  X  10' 

Squirrel  ffi 

Enterobacter  hemianii 

5.40  X  10' 

— 

5.18  X  10' 

2.09  X  10' 

2.10  X  10  ' 

Klebsiella  sp. 

4.33  X  10' 

— 

— 

— 

4.12  X  10' 

Proteus  mirabilis 

— 

— 

1.04  X  10' 

— 

1.70  X  10' 

Escherichia  coli 

1.08  X  10^ 

— 

2.72  X  10' 

— 

4.30  X  10' 

General  coliforms 

1.57  X  102 

— 

— 

1.80  X  10' 

1.20  X  10' 

Staphylococcus  aureus 

2.71  X  102 

1.33  X  10' 

5.50  X  10' 

2.69  X  10' 

8.81  X  102 

Enterococcus  sp. 

1.89  X  102 

1.35  X  10  ' 

2.15  X  10' 

2.18  X  10' 

1.52  X  10' 

Squirrel  #4 

Enterobacter  hemianii 

— 

— 

9.70  X  10' 

— 

— 

Klebsiella  sp. 

1.63  X  102 

— 

— 

— 

— 

Proteus  mirabilis 

— 

8.10  X  10' 

5.65  X  10' 

— 

— 

Escherichia  coli 

5.40  X  10' 

— 

— 

— 

— 

General  coliforms 

— 

— 

5.40  X  10' 

— 

— 

Staphylococcus  aureus 

8.20  X  10' 

2.44  X  102 

2.15  X  10' 

2.29  X  10' 

— 

Enterococcus  sp. 

6.00  X  10' 

1.71  X  10' 

2.04  X  10' 

3.60  X  10' 

1.62  X  10' 

Squirrel  H5 

Enterobacter  hemianii 

5.20  X  10' 

— 

1.06  X  10' 

7.10  X  10' 

1.12  X  10' 

Klebsiella  sp. 

1.76  X  10' 

— 

— 

— 

— 

Proteus  mirabilis 

— 

— 

5.44  X  10' 

3.60  X  10' 

— 

Escherichia  coli 

8.10  X  10' 

— 

2.34  X  10  ' 

1.89  X  10' 

1.22  X  10' 

General  coliforms 

2.98  X  102 

— 

3.65  X  10' 

2.68  X  102 

6.81  X  10' 

Staphylococcus  aureus 

1.36  X  102 

2.70  X  10' 

2.45  X  10' 

3.29  X  10' 

3.72  X  10' 

Enterococcus  sp. 

1.76  X  10' 

5.13  X  102 

3.27  X  10' 

6.10  X  10' 

2.47  X  10' 

decline  from  stable  levels  of  November-February.  However,  individual 
gram-negative  taxa  were  more  erratic  in  distribution  and  less  stable  in 
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Figure  1 .  Pooled  log  colony  counts  of  gram-negative  (a)  and  gram-positive  (b)  bacteria  from 
fecal  analyses  of  five  specimens  of  Spermophilus  tridecemlineatus  over  time  intervals  of 
1,  43,  77,  106  and  141  days. 

numbers  (Fig.  2a-d)  than  gram-positive  species  (Fig.  2e-f),  and 
appearances  and  disappearances  of  detectable  colonies  of  gram-negative 
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Figure  2.  Box  plots  for  population  fluctuations  of  six  bacteria  taxa  comprising  part  of  gut 
flora  of  five  specimens  of  Spermophilus  tridecemlineatus ,  as  determined  by  fecal  analyses: 
a)  Enterobacter  hermanii\  b)  Proteus  mirabilis;  c)  Escherichia  coli;  d)  general  coliforms; 
e)  Staphylococcus  aureus \  and  f)  Enterococcus  sp.  Horizontal  line  represents  mean, 
vertical  line  represents  range  and  box  represents  medial  interquartile  range. 


bacteria  from  the  microflora  of  individual  ground  squirrels  were  not 
uncommon  (Table  1). 

Gram-negative  fora.— Each  gram-negative  taxon  experienced  an  over¬ 
all  decline  in  numbers  during  the  course  of  the  study,  but  two  taxa 
exhibited  temporal  patterns  worthy  of  note.  Enterobacter  hermanii  (Fig. 


168 


THE  TEXAS  JOURNAL  OF  SCIENCE— VOL.  51,  NO.  2,  1999 


2a)  was  the  prevalent  gram-negative  taxon,  having  been  documented  in 
four  of  five  squirrels  during  four  or  more  sampling  periods.  Klebsiella 
(not  figured)  was  the  rarest  of  surveyed  bacteria  in  this  study.  It  was 
detected  only  during  the  first  and  last  sampling  periods,  was  never  docu¬ 
mented  in  two  ground  squirrels,  and  was  identified  during  only  a  single 
sampling  period  in  two  others. 

Gram-positive  taxa.—Tv^o  cocci  were  the  most  consistently  document¬ 
ed  bacterial  taxa  in  this  study,  and  each  displayed  similar  population 
growth  patterns  (Fig.  2  a-b).  Enterococcus  (=  Streptococcus)  was  the 
only  truly  ubiquitous  component  of  the  squirrel  microflora  assessed  in 
this  study,  being  documented  in  each  ground  squirrel  during  each 
sampling  period  (Table  1).  Staphylococcus  aureus  was  nearly  so,  found 
missing  only  once  in  each  of  the  five  sampling  periods  of  three  ground 
squirrels. 

Individual  variation  of  squirrel  microflora. — All  ground  squirrels 
experienced  some  decline  in  collective  colony  counts  over  the  study 
period,  but  the  decrease  was  significant  only  for  squirrels  #1  (r  =  -0.50, 
P  <  0.05),  ^3  (r  =  -  0.53,  P  <  0.01)  and  #5  {r  =  -  0.65,  P  < 
0.001).  In  each  of  these  instances,  the  animals  supported  high  popu¬ 
lations  during  the  February  sampling  period,  followed  by  significant 
declines  until  termination  of  the  study  (at  P  <  0.05  level,  Duncan’s 
test) . 

Each  of  the  five  ground  squirrels  supported  a  unique  microflora  that 
commonly  varied  between  sampling  periods  (Table  1).  Given  the  ubi¬ 
quitous  nature  of  the  gram-positive  cocci,  it  is  the  varying  presence  or 
absence  of  gram-negative  bacteria  that  accounted  for  overall  microfloral 
differentiation  among  ground  squirrels  and  between  sampling  periods. 

Frequency  of  positive  scorings  for  each  of  the  seven  bacterial  entities 
from  the  five  sampling  periods  was  used  as  a  simple  microfloral 
diversity  index.  High  overall  indices  were  sustained  by  three  squirrels 
throughout  the  study  (^1=0.71;  #3=0.68;  #5=0.71),  compared  to  low 
indices  of  the  remaining  two  animals  (#2=0.46;  #4=0.43).  Only  during 
the  April  sampling  period  were  all  surveyed  bacterial  taxa  present  in  a 
single  animal  (squirrel  #3),  in  contrast  to  the  instance  where  only  the 
ubiquitous  Enterococcus  was  detected  in  squirrel  #4. 
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Discussion  and  Conclusions 

Schmidt’s  (1963)  analysis  of  fecal  pellets  from  15  Arctic  ground 
squirrels  {Spermophilus  parry ii)  documented  a  1000  fold  increase  in 
psychrophilic  bacteria  (microbes  exhibiting  an  optimum  temperature  of 
15 °C  and  an  inability  to  grow  above  20°C)  and  a  1000  fold  reduction 
in  coliform  bacteria,  while  numbers  of  enterococci  remained  rather 
constant.  Barnes  &  Burton  (1970)  performed  a  comparable  study  on  the 
thirteen-lined  ground  squirrel  {S.  tridecernlineatus)  by  dissection  of  fecal 
material  from  the  cecum  of  eight  animals  from  both  active  and  torpid 
states.  Among  their  findings  were  that  most  of  the  decline  in  microbial 
numbers  and  taxa  occurred  within  the  first  six  days  of  hibernation, 
anaerobic  gram-positive  rods  and  coccobacilli  either  became  rare  or 
disappeared  from  the  ceca  of  hibernating  animals,  and  populations  of 
presumptive  Proteus  and  Enterococcus  (documented  in  two-thirds  of  the 
animals)  remained  constant. 

Each  of  the  above  studies  of  ground  squirrels  {Spermophilus)  entering 
hibernation  have  demonstrated  profound  shifts  in  microbial  population 
numbers  as  the  animals  completed  the  transition  from  active  to  hibernat¬ 
ing  states  at  near- freezing  temperatures  of  3-8 °C.  Only  the  enterococci 
populations  remained  stable.  Among  factors  implicated  in  microbial 
declines  cited  by  Schmidt  (1963)  and  Barnes  &  Burton  (1970)  are:  (1) 
lowered  temperatures  which  provide  less-than-optimum  growing  condi¬ 
tions  for  many  microbial  taxa;  (2)  loss  or  decrease  of  necessary  nutrient 
requirements  (e.g.  typical  microbial  fare  of  sloughed  epithelial  cells  and 
glycoproteins  from  the  intestinal  mucus,  Lee  1966);  and  (3)  perhaps  also 
a  shift  in  the  competitive  balance  with  psychrophilic  bacteria  for  those 
diminished  resources. 

Emergence  from  hibernation  presents  the  opportunity  for  restoration 
of  the  pre-hibernation  microflora  through  return  of  optimal  conditions 
and  reintroduction  of  bacterial  taxa  by  ingestion  where  local  extinction 
may  have  occurred.  The  importance  of  temperature  as  a  preeminent 
factor  influencing  microbial  fluctuations  in  this  study  was  largely  negated 
by  maintenance  of  the  gut  environment  within  the  comparatively  narrow 
temperature  ranges  of  25-3 8 °C,  as  defined  by  ambient  room  tempera¬ 
tures  and  the  normal  body  temperature  of  an  active  ground  squirrel. 

The  sharp  decline  of  early  March  samples  of  both  gram-positive  and 
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gram- negative  microbial  populations  from  February  peaks  (Fig.  1)  coin¬ 
cided  with  dramatic  weight  loss  in  ground  squirrels.  Accelerated 
metabolism  of  body  fat  accounting  for  loss  of  body  mass  was  evident  in 
the  lean  physiques  of  increasingly  active  ground  squirrels.  The 
atypically  pasty  and  yellow  fecal  pellets  produced  during  the  March 
sampling  period  is  attributed  to  the  presence  of  dietary  fat  passing 
undigested  through  the  gut  as  animals  metabolized  body  fat.  Of  parti¬ 
cular  interest  is  the  continued  depression  of  gram-positive  microbe 
numbers  noted  at  the  conclusion  of  the  study  in  April,  while  populations 
of  gram-negative  taxa  stabilized  following  the  March  decline. 

It  does  not  seem  likely  that  the  coincidence  of  microbial  population 
declines,  squirrel  weight  losses  and  apparent  inhibition  of  intestinal  fat 
metabolism  can  be  assigned  to  chance  alone.  Rather,  it  appears  that 
certain  physiological  factors  adversely  influence  populations  of  those 
bacterial  taxa  included  in  this  study,  as  squirrels  make  the  transition 
from  lethargy  to  the  active  state.  Avenues  for  future  study  include 
specific  determination  of  factors  responsible  for  microbial  declines  in 
presence  of  body  fat  metabolism,  and  the  influence  of  those  factors  on 
the  differential  responses  of  gram-positive  and  gram-negative  bacteria. 
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LATE  AND  EARLY  SEASON  REPRODUCTION 
OF  URBAN  WHITE- WINGED  DOVES  IN  SOUTHERN  TEXAS 
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Caesar  Kleberg  Wildlife  Research  Institute 
Texas  A&M  University -Kingsville,  Kingsville,  Texas  78363 
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Department  of  Zoology  and  Wildlife  Science 
Auburn  University,  Alabama  36849-5414  and 
316  Hiller est  Avenue,  Opelika,  Alabama  36801 

Abstract.— Evidence  suggests  that  a  non-migratory  strategy  adopted  by  newly-established 
populations  of  Eastern  White-winged  Doves  (Zenaida  asiatica  asiatica)  in  Texas  may  extend 
their  nesting  season  beyond  that  of  traditional  migratory  populations.  White- winged  Doves 
nesting  on  the  Texas  A&M  University-Kingsville  campus  were  studied  during  September 
1995  -  April  1996  (traditional  migration  and  overwintering  seasons).  White-winged  Doves 
nested  until  the  final  week  of  September  1995  and  began  nesting  during  the  first  week  of 
March  1996,  a  75%  lengthening  of  the  traditional  breeding  season.  Estimated  1996  nest 
survival  was  0.575,  and  was  similar  between  March  and  April.  Ninety-four  percent  of  nests 
were  located  in  live  oaks,  in  relation  to  high  availability  of  these  trees.  An  extended  nesting 
season  and  high  nest  survival  might  increase  net  annual  productivity  of  non-migratory,  urban 
White-winged  Doves,  and  may  be  involved  in  recent  increases  in  populations  in  Texas. 


The  breeding  range,  nesting  habitat,  and  seasonal  movements  of 
Eastern  White- winged  Doves  {Zenaida  asiatica  asiatica)  in  Texas  have 
changed  markedly  in  recent  years  (George  1991).  Historically,  Eastern 
White- winged  Doves  in  Texas  nested  primarily  in  native  Tamaulipan 
brushlands  of  the  Lower  Rio  Grande  Valley  (LRGV)  from  May  through 
August  and  wintered  in  southwestern  Mexico  and  Central  America 
(George  et  al.  1994).  Since  the  mid- 1 970’ s,  the  range  of  this  species 
has  expanded  to  include  nearly  all  of  southern  and  central  Texas  (George 
et  al.  1994),  and  since  1990,  White- winged  Doves  in  other  parts  of 
Texas  have  outnumbered  those  in  the  LRGV  (George  1991).  Much  of 
this  range  expansion  has  centered  around  urban  areas,  and  many  of  these 
newly-established  populations  do  not  migrate  (George  1991;  George  et 
al.  1994). 

Although  little  research  has  focused  on  the  breeding  biology  of 
non-migratory,  urban  White- winged  Doves  in  Texas,  and  none  has 
documented  chronology  throughout  the  breeding  season,  call-counts  and 
anecdotal  evidence  suggest  that  their  breeding  season  may  begin  earlier 
and  extend  later  in  the  year  than  that  of  migratory  White-winged  Doves 
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nesting  in  LRGV  (Cottam  &  Trefethen  1968;  Small  et  al.  1989;  West 
1993).  It  is  possible  that  non-migratory  behavior  affords  urban 
White-winged  Doves  an  extended  nesting  season  when  compared  with 
their  migratory  counterparts.  The  objectives  of  this  study  were  to 
quantify  levels  of  urban  nesting  during  the  traditional  seasons  of 
migrating  and  overwintering  (September- April),  and  to  document  nesting 
substrate  use  and  nesting  success  of  urban  White-winged  Doves  during 
this  period. 


Methods 

This  study  was  conducted  on  a  39  ha  portion  of  the  66  ha  Texas 
A&M  University-Kingsville  (TAMUK)  campus  from  August  1995 
through  April  1996.  The  campus  is  located  in  the  northwestern  corner 
of  Kingsville,  in  northern  Kleberg  County,  Texas.  The  northern  25  ha 
portion  of  the  campus  was  largely  devoid  of  suitable  trees  and  was 
excluded  from  this  study,  as  was  a  2  ha  complex  of  married  student 
apartments. 

All  trees  >5  cm  diameter  at  breast  height  (dbh)  on  the  study  area 
were  inventoried  during  August  1995.  Honey  mesquite  (Prosopis 
glandulosa)  and  palms  (Palmae)  were  excluded  from  these  surveys 
because  White-winged  Doves  seldom  nest  in  mesquite  (Cottam  & 
Trefethen  1968;  George  et  al.  1994),  and  there  is  only  a  single  published 
record  of  White-winged  Doves  nesting  in  palms  (Cottam  &  Trefethen 
1968),  despite  their  prevalence  as  ornamentals  in  this  region.  Also, 
palms  were  too  tall  to  survey  effectively. 

One  hundred  trees  were  randomly  selected  from  the  inventory  and 
surveyed  from  1  September  1995  through  2  May  1996  for  White- winged 
Dove  nests.  Weekly  surveys  were  conducted  from  1  September  through 
two  weeks  following  the  end  of  1995  nesting  (defined  as  the  week  when 
all  active  nests  were  finished  and  no  new  nests  were  found).  Surveys 
were  then  conducted  biweekly  until  the  first  active  nest  was  found  in 
1996,  at  which  point  weekly  surveys  were  resumed. 

The  location  of  each  active  nest  was  recorded  and  active  nests  were 
monitored  on  subsequent  weekly  visits  until  the  young  fledged,  or  the 
nest  failed.  The  flushing  of  incubating  adults  was  avoided,  if  possible, 
during  surveys  to  minimize  observer  effects  on  nesting  success.  If  an 
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adult  inadvertently  flushed,  the  nest  contents  were  checked  using  a 
mirror  and  pole  device  (Parker  1972),  if  feasible.  Activity  (survival)  of 
a  nest  was  determined  by  the  presence  of  >  1  egg  or  young  in  the  nest, 
or  of  an  incubating  adult.  It  was  assumed  that  a  failed  nest  survived  to 
the  midpoint  of  the  last  nest  check  interval  (Mayfield  1975),  and  that 
young  gone  from  a  nest  last  visited  when  they  were  >  3  days  old  had 
fledged,  unless  nestling  remains  were  found  in  or  near  the  nest. 

Nest  survival  was  calculated  over  14  day  incubation  and  10  day  nest¬ 
ling  intervals  using  the  Mayfield  method  (Mayfield  1961;  1975),  and 
these  interval  survival  rates  were  compared  between  March  and  April 
using  Z- tests.  The  hypothesis  that  percentages  of  sampled  trees  used  for 
white- winged  dove  nesting  were  equal  between  two  tree  species  classes, 
live  oak  (Quercus  fusiformes  x  Q.  oleoides)  and  other,  was  tested  using 
a  chi-square  row  x  column  contingency  table  analysis.  The  hypothesis 
that  nests  were  distributed  among  the  two  tree  species  classes  in  pro¬ 
portion  to  their  availability  was  tested  using  a  chi-square  goodness-of-fit 
test.  Non-live  oak  tree  species  classes  were  pooled  to  achieve  an 
adequate  sample  size.  ^ 


Results 

Sixty-three  White-winged  Dove  nests  were  found  during  the  study 
period;  six  were  found  during  September  1995,  and  57  during 
March- April  1996.  All  September  nests  were  found  during  the  first 
weekly  survey  (1-7  Sept)  and  were  finished  by  1  October  (Fig.  1).  No 
White-winged  Dove  nesting  was  observed  from  1  October  through  3 
March.  The  first  1996  nest  was  found  on  4  March.  White- winged 
Dove  nesting  increased  during  March  and  April  to  a  peak  of  24  nests 
(0.24  nests/tree)  during  the  final  week  of  surveying  (26  April-2  May; 
Fig.  1). 

All  nest  loss  occurred  during  the  egg  stage.  Estimated  survival  of 
1996  nests  during  incubation  and  across  the  entire  nesting  period  was 
0.575  (SE  =  0.068).  Incubation  survival  rate  estimates  were  similar  for 
March  and  April  nests  (0.686  [SE  =  0.116]  vs.  0.526  [SE  =  0.082]; 
Z  —  1.13,  P  =  0.1292).  No  nest  survival  estimates  were  made  for 
September  1995  nests  because  most  of  these  nests  were  found  late  in  the 
nesting  cycle;  young  were  visible  in  three  of  six  September  nests  when 
found. 
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WEEK 

Figure  1 .  Weekly  numbers  of  active  White-winged  Dove  nests  in  100  randomly-selected 
trees  on  the  Texas  A&M  University-Kingsville  campus  during  September  1995- April 
1996. 

Five  tree  species  were  used  for  White- winged  Dove  nesting  (Table  1). 
Although  94%  of  all  nests  found  were  in  live  oaks,  percentages  of  trees 
used  were  similar  in  both  species  categories  —  0.513,  1  df,  P  = 
0.474),  and  White- winged  Dove  nests  were  distributed  among  species 
classes  in  proportion  to  their  availability  =  3.043,  1  df,  P  =  0.081). 

Discussion 

Results  support  the  hypothesis  of  an  extended  nesting  season  among 
non-migratory,  urban  White- winged  Doves.  Of  traditional,  migrating 
White-winged  Doves,  Cottam  &  Trefethen  (1968:128,  148)  stated  that 
"few  pairs  begin  to  nest  before  the  first  week  in  May",  and  that 
"occupied  nests  are  rare  after  August  15",  although  "an  occasional  one 
may  be  found  as  late  as  September  1 " .  Breeding  among  the  Kingsville 
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Table  1.  Numbers  of  trees  surveyed,  percentages  of  those  trees  surveyed  that  were  used  for 
White- winged  Dove  nesting,  and  numbers  and  percentages  of  total  nests  found  in  eight 
tree  species  on  the  Texas  A&M  University-Kingsville  campus  during  September  1995  - 
April  1996. 


Trees 

Nests 

Tree  Species 

No. 

Surveyed 

% 

Used 

No. 

Found 

%  Of 
Total 

Live  Oak 

{Quercus  fusiformes  x  Q.  oleoides) 

86 

38.4 

59 

93.7 

Other  Species 

14 

28.6 

4 

6.3 

Total 

100 

63 

100.0 

Data  for  Other  Species 

Sugarberry 
{Celtis  laevigata) 

3 

66.7 

2 

3.2 

Mexican  Ash 
{Fraxinus  berlandieriana) 

3 

33.3 

1 

1.6 

American  Sycamore 
(Platanus  occidentalis) 

3 

0.0 

0 

0.0 

Anaqua 

(Ehretia  anaqua) 

2 

0.0 

0 

0.0 

Cedar  Elm 
{Ulmus  crassifolia) 

; 

1 

100.0 

1 

1.6 

Chinaberry 
{Melia  azedarach) 

1 

0.0 

0 

0.0 

Chinese  Tallow 
(Sapium  sebiferum) 

1 

0.0 

0 

0.0 

White- winged  Dove  population  throughout  September  1995  and 
March- April  1996  represents  a  lengthening  by  75%  of  this  traditional 
four-month  breeding  season. 

Since  levels  of  May- August  nesting  on  the  TAMUK  campus  have  not 
been  measured,  one  cannot  compare  early  and  late-season  nesting  levels 
to  traditional  nesting  season  levels.  Thus,  the  percentage  contribution 
of  early-  and  late-season  nesting  to  overall  productivity  cannot  be 
estimated.  However,  much  higher  levels  of  nesting  in  March  and  April 
than  in  September  suggest  that  March-April  nesting  is  probably  more 
important  to  overall  productivity  than  is  September  nesting. 

Likewise,  the  net  effect  of  increased  breeding  season  length  on  annual 
White-winged  Dove  reproductive  output  is  unknown.  If  productivity  is 
limited  by  physiological  factors  related  to  resource  availability,  total 
reproductive  output/pair  may  be  fixed  for  a  season  regardless  of  season 
length.  If,  however,  output  is  time-limited,  an  increase  in  breeding 
season  length  should  result  in  an  corresponding  increase  in  productivity. 
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Schacht  et  al.  (1995)  concluded  that  White- winged  Dove  reproduction 
was  time-  rather  than  nutrient-limited  during  average  to  above-average 
rainfall  conditions  based  on  several  lines  of  physiological  evidence.  This 
would  suggest  that  by  adopting  a  non-migratory  strategy,  urban  White¬ 
winged  Doves  may  be  increasing  net  annual  productivity,  which  may 
help  explain  recent  dramatic  increases  in  such  urban  populations.  West 
(1993),  however,  found  that  productivity  of  White- winged  Doves  breed¬ 
ing  in  the  San  Antonio  metropolitan  area  during  June- August  was  lower 
than  that  often  reported  for  LRGV  populations.  This  result  suggests  that 
productivity /unit  time  may  be  lower  in  urban  areas  than  in  native  habitat 
in  the  LRGV  and  implies  the  effect  of  a  non- temporal  limiting  factor. 
Further  research  documenting  and  comparing  both  native  habitat-nesting 
(migratory)  and  urban  (non-migratory)  White-winged  Dove  productivity 
throughout  the  entire  nesting  season  is  necessary  to  understand  the  net 
reproductive  effects  of  adopting  non-migratory  behavior. 

Results  reported  in  this  study  and  those  of  others  support  the  conclu¬ 
sion  of  Cottam  &  Trefethen  (1968)  that  nest  success  of  urban  White¬ 
winged  Doves  is  high  relative  to  that  of  doves  nesting  in  native  habitat. 
Nest  survival  estimates  of  White- winged  Doves  nesting  on  the  TAMUK 
campus  are  similiar  to  those  of  West  (1993),  who  reported  nest  survival 
rates  from  39%  to  73  %  in  various  habitats  in  the  San  Antonio  metropoli¬ 
tan  area.  Although  not  directly  comparable,  nest  survival  estimates  from 
these  two  studies  appear  consistent  with  egg  success  ( %  of  eggs  laid  that 
fledged  young)  estimates  of  59%  and  53%  reported  by  Cottam  & 
Trefethen  (1968)  for  small  White-winged  Dove  populations  nesting  in 
upper  south  Texas  "townsites"  in  1947  and  1948.  In  contrast,  Swanson 
&  Rappole  (1992)  reported  that  White- winged  Dove  egg  success  in 
native  habitat  in  the  LRGV  from  1951-1988  averaged  only  34%,  which 
seems  consistent  with  Cottam  &  Trefthen’s  (1968)  estimate  that  approxi¬ 
mately  30%  of  all  eggs  laid  in  the  LRGV  produce  a  fledged  bird. 

Factors  contributing  to  higher  nest  success  of  White-winged  Doves  in 
urban  areas  are  poorly  understood.  Hayslette  (1996)  presented  evidence 
that  predation  by  Great- tailed  Grackles  {Quiscalus  rnexicanus)  on  White¬ 
winged  Dove  nests  varied  between  urban  and  native  habitats  in  the 
LRGV,  and  suggested  that  recent  urban  White- winged  Dove  population 
increases  may  be  related  to  relatively  higher  nesting  success  in  these 
areas.  Additional  research  is  needed  to  more  clearly  document  the 
causes  of  increased  White-winged  Dove  nesting  success  in  urban  areas 
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and  to  evaluate  its  contribution  to  recent  urban  White-winged  Dove 
population  growth. 

Most  White- winged  Dove  nesting  on  the  TAMUK  campus  takes  place 
in  live  oaks.  This  appears  to  be  largely  a  function  of  their  availability; 
assuming  a  representative  sample,  live  oaks  make  up  86%  of  the  trees 
>5  cm  dbh  on  campus,  excluding  mesquites  and  palms.  Cottam  & 
Trefethen  (1968)  listed  live  oak  as  an  important  nesting  tree  where  it 
occurs  and  West  (1993)  documented  preferential  selection  of  live  oaks 
by  White-winged  Doves  nesting  in  the  San  Antonio  metropolitan  area. 
Although  this  study  did  not  find  preferential  selection  or  higher  percent¬ 
age  of  use  of  either  tree  class  (live  oak  or  other),  conclusions  based  on 
these  analyses  are  tentative.  Goodness-of-fit  results  were  only  mar¬ 
ginally  non-significant,  and  the  fact  that  the  TAMUK  study  site  was 
dominated  (86%)  by  a  single  species  may  have  limited  the  ability  of  this 
study  to  detect  preferential  selection  of  this  species.  Low  ( <  3)  numbers 
of  non-live  oak  trees  in  this  study  necessitated  pooling  these  species, 
which  precluded  evaluation  of  their  individual  relative  values  for 
White- winged  Dove  nesting.  ^ 
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THE  EFFECTS  OF  OIL  ON 
MALLARDS  (TATS  PLATYRHYNCHOS) 

Stacey  Huffman 

Lee  College,  200  Lee  Drive 
Baytown,  Texas  77520 

Abstract. — Little  is  known  about  the  long-tenn  survivability  of  wildlife  that  endure  and 
survive  oiling  from  spills.  The  purpose  of  this  study  was  to  determine  if  permanent  damage 
to  liver  and  kidney  functions  occurs  over  time  in  such  animals.  Twenty  Mallards  {Anas 
platrhynchos)  were  used  in  this  study.  Ten  were  oiled  using  Number  2  diesel,  while  ten 
un-oiled  ducks  were  used  as  controls.  All  20  were  washed  using  standard  washing  and 
rehabilitation  techniques  used  by  licensed  wildlife  rehabilitators.  All  the  ducks  in  this  study 
were  then  monitored  and  tested  for  aspartate  aminotransferase  [serum  glutamate-oxaloacetate 
transaminase]  AST  (SCOT)  and  uric  acid  levels  for  one  year.  Results  indicate  that  after  six 
months,  no  permanent  liver  or  kidney  damage  occurred  due  to  oiling. 


Oil  spills  occur  worldwide  on  a  daily  basis.  On  24  March  1989,  the 
tanker  Exxon  Valdez  ran  aground  spilling  10.8  million  gallons  (258,000 
barrels)  in  Alaska’s  Prince  William  Sound.  Approximately  30,000  birds 
were  found  dead  soon  after.  It  is  believed  that  as  many  as  100,000  to 
375,000  birds  perished  due  to  this  spill  (Maki  1991). 

Immediately  following  any  oil  spill,  large  numbers  of  birds  may 
perish  due  to  the  debilitating  physical  effects  of  oil  that  adheres  to  their 
plumage.  Some  crude  oil  may  contain  components  such  as  benzene  and 
hydrogen  sulfide  that  are  highly  toxic,  carcinogenic  and  polynuclear 
aromatics,  which  emit  vaporous  gases  and  enter  the  lungs.  Prolonged 
breathing  of  such  vapors  can  cause  central  nervous  system  effects 
(Chevron  1993).  Number  2  diesel  contains  a  mixture  of  petroleum 
hydrocarbons  called  middle  distillates  (boiling  point  between  177°  and 
371  °C).  Toxicology  data  developed  on  some  middle  distillates  found 
positive  responses  in  some  mutagenicity  tests,  and  caused  skin  cancer 
when  repeatedly  applied  to  mice  over  their  lifetime  (Chevron  1995).  As 
little  as  a  single  application  of  5  microliters  of  toxic  crude  or  refined  oils 
applied  to  surfaces  of  eggs,  is  sufficient  to  cause  significant  reductions 
in  the  hatching  success  of  Mallards  (Albers  1978). 

The  long-term  or  delayed  effects  on  oiled  birds  or  their  habitats  are 
largely  unknown.  Resuspended  crude  oil  from  a  spill  that  occurred  six 
weeks  prior  was  implicated  in  the  oiling  death  of  a  Brown  Pelican 
{Pelecanus  occidentalis) ,  but  long-term  environmental  impact  studies 
(Burns  &  Teal  1979)  usually  document  only  the  effects  of  the  oil  on 
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aquatic  organisms. 

Absorption  and  exposure  of  tissue  to  environmental  pollutants  such  as 
crude  oil  can  lead  to  local  tissue  injury.  In  Prince  William  Sound,  tissue 
injury  was  observed  in  Sea  Otters  (Enhydra  lutris),  as  indicated  by  cell 
analysis  and  leakage  of  enzymes  such  as  creatine  kinase  (Williams  et  al. 
1990).  One  year  after  the  Valdez  spill,  increased  levels  of  liver  en¬ 
zymes,  such  as  aspartate  aminotransferase  (serum  glutamate-oxaloacetate 
transaminase)  AST  (SGOT),  leaking  into  plasma  was  observed  in  River 
Otters  (Lutra  canadensis)  by  Duffy  et  al.  (1994). 

A  study  consisting  of  sixty-four  adult  Mallards  were  divided  into  four 
groups  and  were  accessed  for  chronic  effects  of  oil  ingestion.  One  of  the 
groups  was  fed  mash  containing  1.0%  of  a  paraffin  mixture,  one  group 
fed  mash  and  0.25%  South  Louisiana  Crude  (SLC),  and  one  group  fed 
mash  and  2.5%  SLC.  The  remaining  group  was  fed  untreated  mash. 
All  groups  were  fed  these  diets  for  26  weeks.  Although  food  intake  was 
not  monitored,  body  weights  did  not  vary  markedly  among  the  groups. 
Egg  production  by  hens  fed  0.25%  SLC  diet  was  moderately  less  than 
that  by  the  control  or  paraffin- fed  hens.  Egg  production  by  the  2.5% 
SLC  group  was  significantly  less  than  that  by  hens  in  the  other  three 
groups  and  decreased  with  time.  There  were  no  significant  differences 
in  mean  eggshell  thickness  among  the  groups  (Coon  &  Dieter  1981). 

When  an  oil  spill  occurs  in  coastal  or  inland  waterways,  wild  birds, 
which  feed  or  nest  in  the  area  may  become  oiled.  A  bird’s  plumage 
consists  of  a  complex  overlapping  of  feather  elements  in  which  layers  of 
trapped  air  provide  the  bird  with  warmth  and  buoyancy.  Soiled  plumage 
subjects  a  bird  to  a  number  of  physiological  stresses,  which  could  cause 
death  if  not  treated  promptly  (Williams  et  al.  1978). 

When  a  bird’s  feathers  are  matted  by  oil,  their  thermal  insulation 
qualities  are  impaired.  As  a  result  of  oiling,  cold  water  and  air  may 
penetrate  to  the  skin,  accelerating  loss  of  body  heat  causing  hypo¬ 
thermia.  In  attempting  to  preen  oil  from  its  plumage,  a  bird  may  ingest 
amounts  of  oil  sufficient  to  produce  toxic  effects  on  body  functions. 
The  ingestion  of  some  oils  inhibits  mechanisms  that  enable  sea  birds  to 
derive  fresh  water  from  the  salt  water  they  drink,  causing  dehydration. 
Oil  may  also  cause  inflammation  and  hemorrhaging  of  the  intestine,  and 
impairment  of  liver  and  kidney  functions.  It  may  also  affect  the  central 
nervous  system,  causing  loss  of  equilibrium  and  depressed  activity 
(Williams  et  al.  1978). 

In  the  event  of  an  oil  spill  in  the  Texas  gulf  coast  area,  contaminated 
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birds  are  retrieved  by  people  such  as  Texas  Parks  and  Wildlife  Depart¬ 
ment  personnel  and  brought  to  state  and  federally  permitted  wildlife 
rehabilitators.  The  birds  are  then  banded,  given  physical  exams  and 
washed  if  their  body  temperature  is  at  an  acceptable  level  (over  39  °C). 
A  bird’s  body  temperature  is  usually  between  39 °  and  41°  C.  The  wash¬ 
ing  water  temperature  is  between  40°  and  45  °C  to  accommodate  the 
bird’s  natural  temperature.  The  warmer  temperature  also  helps  break  up 
the  oil  during  washing  (Williams  et  al.  1978).  The  washing  product 
preferred  by  Wildlife  Rehab  &  Education  is  Dawn™  by  Procter  & 
Gamble.  According  to  the  manufacturer,  Dawn™  has  been  proven  to  be 
gentle  to  the  skin  with  its  components  of  anionic,  nonionic,  amphoteric 
surfactants,  and  along  with  its  dispensing  aid  ethyl  alcohol  (Procter  & 
Gamble  1993)  make  it  possible  to  break  up  the  oil  satisfactorily  to  bring 
the  bird’s  feathers  back  to  their  proper  insulating  state. 

Little  is  known  about  the  effects  on,  and  survivability  of  these  birds 
exposed  to  catastrophic  oil  spills.  This  study  was  conducted  to  test  long 
term  liver  and  kidney  functions  of  these  birds.  To  determine  the  degree 
of  liver  damage,  AST  (Aspartate  Aminotransferase)  levels  were  analyzed 
before  and  after  oil  exposure.  To  determine  kidney  damage,  uric  acid 
levels  were  also  analyzed.  The  tests  were  run  on  a  serum  analyzer  (Vet 
Test  8008). 

Plasma  enzyme  activity  is  often  used  to  clinically  assess  liver  disease. 
AST  has  high  activity  in  avian  hepatocytes,  but  is  also  found  in  other 
tissues,  particularly  skeletal  muscle.  Alkaline  phosphates  have  a  high 
tissue  distribution  in  small  intestine,  kidney  and  bone  and  are  rarely 
elevated  with  hepatocyte  damage  (Altman  et  al.  1977).  AST  is  present 
in  mitochondria.  Increased  AST  reflect  more  serious  hepatic  damage 
because  mitochondria  are  not  damaged  as  readily  as  the  cell  membrane 
(Willard  et  al.  1994).  The  most  common  cause  of  elevated  AST  levels 
is  liver  disease.  The  distribution  of  AST  in  avian  tissues  varies  among 
the  species.  According  to  Harrison  &  Harrison  (1986),  AST  is  not 
liver-specific.  Moderate  increases  (two  to  four  times  normal  means)  are 
often  associated  with  soft  tissue  injury,  whereas  liver  necrosis  results  in 
greater  elevations.  The  average  AST  levels  for  domestic  ducks  range 
from  5  to  100  lU/L  (Harrison  &  Harrison  1986). 

Avian  species  metabolize  excess  amino  acids  to  uric  acid,  which  is 
then  excreted.  Although  the  quantity  of  nitrogen  in  the  blood  varies  in 
accordance  with  dietary  intake  and  metabolic  demands,  the  plasma  level 
of  uric  acid  is  normally  maintained  at  a  fairly  constant  level.  This  fine 
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Table  1.  AST  levels  in  male  Mallards  throughout  study. 


Band  #  1/6/97  * 

1/14/97 

2/17/97 

3/17/97 

4/25/97 

6/7/97 

7/12/97 

Oiled  males  AST  lU/L 

039 

16 

28 

3 

49 

0 

34 

8 

043 

2 

0 

3 

26 

6 

11 

8 

044 

0 

37 

18 

37 

6 

35 

15 

045 

0 

141 

25 

20 

11 

12 

6 

046 

11 

0 

88 

33 

29 

13 

14 

047 

5 

18 

3 

21 

9 

25 

20 

048 

0 

6 

18 

16 

32 

16 

90 

049 

2 

30 

0 

31 

17 

16 

11 

Average  AST 

4.5 

32.5 

19.75 

29.125 

13.75 

20.25 

21.5 

UN-OILED  MALES  AST  lU/L 

U30 

4 

16 

24 

26 

48 

21 

22 

U33 

14 

0 

34 

42 

58 

21 

7 

U34 

18 

28 

32 

16 

26 

34 

25 

U35 

7 

0 

19 

25 

36 

17 

19 

U36 

5 

0 

3 

14 

5 

7 

13 

U37 

0 

0 

20 

34 

36 

16 

39 

U38 

3 

24 

48 

19 

7 

6 

4 

U40 

1 

0 

0 

22 

22 

3 

8 

Average  AST 

6.5 

8.5 

22.5 

24.8 

29.8 

15.6 

17.1 

*  Denotes  baseline. 


control  is  due  to  the  ability  of  the  avian  kidneys  to  secrete  large  amounts 
of  urates  (Fowler  1986).  Elevations  of  plasma  uric  acid  values  above 
available  reference  values  for  the  age  and  species  of  the  bird  in  question 
may  support  a  tentative  diagnosis  of  renal  dysfunction  (Altman  et  al. 
1977). 

Approximately  70%  of  the  nitrogen  excreted  by  avian  kidneys  is  in 
the  form  of  uric  acid.  Blood  urea  levels  are  normally  very  low  and  do 
not  appear  to  increase  substantially  in  kidney  failure.  Urea  is  eliminated 
through  glomerular  filtration  and  appears  to  rise  only  with  prerenal 
conditions  such  as  dehydration.  Uric  acid,  on  the  other  hand,  is  elimi¬ 
nated  through  tubular  secretion  and  ultimately  rises  with  decreased 
functional  renal  mass.  Because  of  the  kidneys’  large  reserve  capacity, 
extensive  renal  compromise  is  usually  necessary  before  elevated  uric 
acid  levels  are  observed  (Harris  1991).  Normal  blood  uric  acid  values 
for  most  birds  ranges  between  2  to  15  mg/dL  (Harrison  &  Harrison 
1986).  Elevations  over  15  mg/dL  are  suggestive  of  primary  or  second- 
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Table  2.  Uric  acid  levels  in  male  Mallards  throughout  study. 


Band  # 

1/6/97* 

1/14/97 

2/17/97 

3/17/97  4/25/97 

6/7/97 

7/12/97 

Oiled  males  Uric  acid  mg/dL 

039 

5.3 

4 

2.8 

5.2 

2.2 

2.4 

5.5 

043 

5.9 

13 

2.5 

2.1 

2.3 

2.4 

9.7 

044 

5.1 

7.5 

7.3 

4.4 

3.7 

3.0 

6.6 

045 

3.4 

8.6 

4.6 

4.0 

3.2 

4.0 

4.0 

046 

4.6 

11.0 

4.7 

5.4 

4.5 

3.5 

7.4 

047 

5.2 

14 

4.6 

4.0 

2.7 

2.4 

6.6 

048 

4.4 

5.5 

3.8 

5.5 

4.8 

3.2 

4.1 

049 

5.8 

6.9 

3.0 

4.1 

3.3 

3.7 

5.5 

Average 
Uric  acid 

5.0 

8.8 

4.2 

4.3 

3.3 

2.7 

6.2 

Un-oiled  males  Uric  acid  mg/dL 

U30 

4.3 

2.9 

4.1 

5.3 

5.3 

3.4 

6.9 

U33 

4.9 

4.0 

2.9 

8.1 

3.9 

3.4 

13.0 

U34 

6.8 

4.6 

4.1 

7.2 

5.2 

5.1 

9.3 

U35 

6.6 

4.8 

3.2 

9.5 

4.4 

4.9 

12.0 

U36 

6.0 

8.5 

4.2 

3.5 

1.9 

3.9 

13.0 

U37 

6.2 

4.5 

3.3 

2.9 

2.0 

3.0 

8.6 

U38 

4.8 

4.9 

4.3 

3.4. 

2.1 

2.6 

5.9 

U40 

5.9 

4.2 

4.9 

3.1 

3.1 

1.5 

6.5 

Average 
Uric  acid 

5.7 

4.8 

3.9 

5.4 

3.2 

3.5 

9.4 

*  Denotes  baseline. 


ary  renal  disease.  Uric  acid  values  may  be  increased  in  cases  of 
starvation,  articular  or  visceral  gout,  dehydration,  and  massive  tissue 
trauma  (Fowler  1986).  According  to  Harrison  &  Harrison  (1986), 
normal  uric  acid  levels  for  domestic  ducks  can  range  from  2.0  to  12.0 
mg/dL. 

Procedure 

This  study  utilized  20  adult  domestic  Mallards  (16  males  and  4 
females)  purchased  one  week  prior  to  the  beginning  of  the  study.  Ten 
of  these  ducks  were  the  control  group  and  not  oiled,  whereas  10  were 
oiled  with  common  Number  2  diesel.  Leg  bands  bearing  unique  num¬ 
bers  were  used  to  identify  birds  individually.  Blood  obtained  from  the 
medial  metatarsal  vein  of  all  20  ducks  was  analyzed  for  AST  and  uric 
acid  two  days  prior  (baseline)  to  the  oiling  (Tables  1,  2  &  3).  Body 
temperatures  were  taken  (cloacal)  on  all  20  ducks  24  hours  after  the 
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Table  3.  AST  and  Uric  acid  levels  in  female  Mallards  throughout  study. 


Band 

1/6/97* 

1/14/97 

2/17/97 

3/17/97 

4/25/97 

6/7/97 

7/12/97 

Oiled  females  AST  lU/L 

041 

6.0 

0 

6.0 

13.0 

14.0 

3.0 

34.0 

042 

28.0 

28.0 

Average  AST 

17.0 

14.0 

3.0 

13.0 

14.0 

3.0 

34.0 

Un-oiled  females  AST  lU/L 

U31 

24.0 

5.0 

42.0 

29.0 

0 

28.0 

39.0 

U32 

14.0 

8.0 

1.0 

19.0 

AVERAGE  AST 

19.0 

6.5 

21.5 

24.0 

0 

28.0 

39.0 

Oiled  females  Uric  acid  mg/dL 

041 

5.3 

9.7 

3.1 

4.9 

5.0 

5.0 

15.0 

042 

2.6 

20 

Average 
Uric  acid 

4.0 

15.0 

3.0 

5.0 

5.0 

5.0 

15.0 

Un-oiled  females  Uric  acid  mg/dL 

U31 

6.8 

5.7 

4.2 

14.0 

7.7 

5.3 

9.2 

U32 

4.9 

2.6 

2.2 

5.9 

Average 
Uric  acid 

5.9 

4.2 

3.2 

10.1 

7.7 

5.3 

9.2 

*  Denotes  baseline. 


oiling  and  were  acceptable  for  washing.  They  were  monitored  and 
washed  24  hours  after  oiling  using  the  standards  that  are  used  on  oiled 
wild  birds  during  an  actual  oil  spill  (Williams  et  al.  1978).  The  birds 
were  separated  according  to  oiled  or  un-oiled,  housed  in  a  clean,  dry 
environment  while  being  fed  hen  scratch  and  moistened  cat  chow.  All 
20  were  housed  with  heat  provided  to  approximately  27 °C  for  six  days. 
Fresh  water  was  provided  at  libitum.  Blood  samples  were  taken  five 
days  after  washing  and  analyzed  for  AST  and  uric  acid  levels.  The 
birds  were  placed  in  an  outdoor  7  m  by  12  m  holding  pen  where  they 
remained  for  the  duration  of  the  study  while  being  fed  hen  scratch  and 
commercial  wild  game  pellets.  AST  and  uric  acid  levels  were  assessed 
every  four  weeks  thereafter. 
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AST  lU/L 

(ie.  1  micromole/minim) 


35 


—m —  Baseline  Male  AST 

— _ Baseline  Female 

AST 

A  Un-Oiled  Male  AST 


_x- Oiled  Male  AST 


_  Un-Oiled  Female 
AST 

—  Oiled  Female  AST 


Figure  1.  AST  lU/L 

This  Study  began  in  January  1997  and  terminated  February  1998  when 
the  birds  were  released  back  onto  a  private  pond.  This  test  was 
conducted  near  Houston,  Texas  where  the  climate  is  mild;  therefore,  it 
is  possible  some  of  the  decreased  uric  acid  levels  may  have  been  due  to 
females  being  in  breeding  condition.  According  to  Fowler  (1986), 
decreased  levels  of  uric  acid  may  be  recorded  during  ovulation. 

Results 

According  to  Harrison  &  Harrison  (1986),  the  normal  range  for  uric 
acid  for  domestic  ducks  is  2.0-12.0  mg/dL,  5-100  lU/L  for  AST.  AST 
levels  for  all  20  ducks  remained  within  normal  range  throughout  the 
study  (Figure  1).  Five  days  after  oiling,  uric  acid  levels  were  slightly 
above  normal  range  for  oiled  females  while  males  remained  within 
normal  means  (Figure  2).  Both  oiled  males  and  female’s  uric  acid  levels 
were  within  normal  range  six  weeks  after  oiling.  Elevations  remained 
stable  until  the  sixth  month,  when  for  unknown  reasons,  the  oiled 
females’  rates  increased  above  normal  once  more  (Figure  2). 

One  female  died  eight  days  after  oiling  (band  #  042).  Six  days  after 
oiling,  her  uric  acid  levels  were  double  above  normal  means  (20.0 
mg/dL).  Necropsy  appeared  to  be  visibly  normal  but  organ  tissue 
samples  were  sent  off  for  histopathology  analysis.  Diagnosis  indicated 
microscopic  lesions  in  intestine,  lungs,  liver  and  kidney  were  mild. 
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Uric  Acid  mg/d( 


Baseline  IVble  URIC 

....  Baseline  Female 
AST 

A  Un-Oiled  Male  URIC 

_x-  Oiled  Male  URIC 

—m _ Un-Oiled  Female 

URIC 

Oiled  Ferrele  URIC 


Figure  2.  Uric  acid  mg/dL 


nonspecific  and  did  not  suggest  a  cause  of  death.  A  second  baseline 
study  was  conducted  one  year  following  the  initial  baseline.  Two  males 
and  two  female  Mallards  taken  from  the  same  site  from  which  the  initial 
ducks  originated  and  were  analyzed  for  AST  and  uric  acid  levels.  The 
uric  acid  and  AST  results  from  these  four  ducks  were  consistent  with  the 
data  from  the  study  duck’s  baseline  (Table  4). 

These  results  indicate  that  after  six  months,  no  permanent  liver  or 
kidney  damage  occurred  due  to  the  oiling.  These  results  indicate  that 
birds  exposed  to  an  actual  spill  event  have  an  acceptable  chance  for  long 
term  survivability  if  rescued,  washed  and  treated  promptly. 

Conclusions 

Results  of  this  study  may  have  been  more  conclusive  if  blood  studies 
had  been  conducted  the  first  few  days  immediately  following  oiling. 
Harrison  &  Harrison  (1986)  found  elevated  AST  levels  and  liver  damage 
in  birds  exposed  to  pesticides  and  carbon  tetrachloride.  The  AST  levels 
peaked  from  24  to  48  hours  after  being  exposed  and  returned  to  normal 
in  four  to  six  days. 
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Table  4.  AST  and  Uric  acid  levels  of  new,  un-banded,  un-oiled  male  and  female  Mallards 
one  year  after  original  study  began. 


2/2/98 

Males  and  females  AST  lU/L 

Male  1 

2.0 

Male  2 

13.0 

Average  AST 

7.5 

Female  1 

30.0 

Female  2 

11.0 

Average  AST 

20.5 

Baseline  Males  and  Females  Uric  acid  mg/dL 

Male  1 

9.2 

Male  2 

7.8 

Average 

Uric  acid 

8.5 

Female  1 

8.1 

Female  2 

6.5 

Average 

Uric  acid 

8.0 

Education  of  Houston  for  supporting  and  assisting  washing  the  birds. 
Special  appreciation  goes  out  to  Cynthia  Lipps  D.V.M  with  Archer 
Road  Animal  Hospital  of  Baytown  for  allowing  me  use  of  her  clinic  and 
furnishing  equipment  necessary  for  running  tests.  I  also  give  special 
thanks  to  R.  W.  Johnson  of  Baytown  for  supplying  the  ducks  for  this 
study. 


Literature  Cited 

Albers,  P.  H.  1978.  The  effects  of  petroleum  of  different  stages  of  incubation  in  bird  eggs. 

Bull.  Environ.  Contam.  Toxicol.,  19:624-630. 

Altman,  R.  B.,  S.  L.  Clubb,  G.  Dorrestein  &  Ka.  Quesenberry.  1977.  Pp.  442-627  in 
Avian  medicine  and  surgery.  W.  B.  Saunders  Company,  Philadelphia,  Pennsylvania, 
1070  pp. 

Burns,  K.  A.  &  J.  M.  Teal.  1979.  The  west  Falmouth  oil  spill:  hydrocarbons  in  the  salt 
marsh  ecosystem.  Estuary  Coastal  Marine  Science,  8(4)349-360. 

Chevron,  1993.  Material  safety  data  sheet:  002493.  Pp.  1-5  in  Chevron  USA  Products 
Company  Environmental,  Safety  And  Health.  San  Francisco,  California,  8  pp. 
Chevron,  1995.  Material  safety  data  sheet:  005556.  P.  3  in  Chevron  USA  Products 


190 


THE  TEXAS  JOURNAL  OF  SCIENCE— VOL.  51,  NO.  2,  1999 


Company  Environmental,  Safety  And  Health.  San  Francisco,  California,  8  pp. 

Coons,  N.  C.  &  M.  P.  Dieter.  1981.  Responses  of  adult  ducks  to  ingested  south  Louisiana 
crude  oil.  Environ.  Research.,  24:309-312. 

Duffy,  L.  K.,  R.  T.  Bowyer,  J.  B.  Faro  &  J.  W.  Testa.  1994.  Cronic  effects  of  Exxon 
Valdez  oil  spill  on  blood  and  enzyme  chemistry  of  river  otters.  Environmental 
Toxicology  and  Chemistry,  13:643-647. 

Fowler,  M.  E.  (ed).  1986.  Zoo  &  wild  animal  medicine.  W.  B.  Saunders  Co., 

Philadelphia,  Pennsylvania,  pp.  2. 

Harris,  D.  J.  1991.  The  veterinary  clinics  of  North  America.  W.  B.  Saunders  Co., 
Philadelphia,  Pennsylvania,  1152  pp. 

Harrison,  G.  J.  &  L.  R.  Harrison.  1986.  Pp.  195-658  in  Clinical  avian  medicine  and 
surgery.  W.  B.  Saunders  Co.,  Philadelphia,  Pennsylvania,  717  pp. 

Maki,  A.  W.  1991.  The  Exxon  Valdez  oil  spill:  initial  environmental  impact  assessment. 
Environ.  Sci.  Technol.,  25:24-29, 

Proctor  &  Gamble.  1993.  Material  Safety  Data  Sheet,  Cincinnati,  Ohio,  pp.  1. 

Willard,  M.  D.,  H.  Tvedten  &  G.  H.  Turnwald.  1994.  Small  animal  clinical  diagnosis  by 
laboratory  methods.  W.  B.  Saunders  Co.,  Philadelphia,  Pennsylvania,  pp.  208. 

Williams,  A.  S.,  S.  C.  Brundage,  J.  M.  Harris  &  D.  C.  Smith.  1978.  Saving  oiled 
seabirds.  Pp.  1-17  m  International  Bird  Rescue  Research  Center.  American  Petroleum 
Institute.  Berkeley,  California,  35  pp. 

Williams,  T.  M.,  R.  Wilson,  R.  Tuomi  &  L.  Hunter.  1990.  Critical  care  and  toxilogical 
evaluation  of  sea  otters  exposed  to  crude  oil.  Pp.  236-258  in  T.  M.  Williams  and  R, 
W. Davis  (ed).  Sea  otter  rehabilitation  program:  1989  Exxon  Valdez  oil  spill. 
International  Wildlife  Research,  201  pp. 


SH  at:  owl@imsday.com 


TEXAS  J.  SCI.  51(2),  1999 


191 


GENERAL  NOTES 

RANGE  EXTENSIONS  FOR  GEOMYS  BREVICEPS  AND 
GEOMYS  TEXENSIS  (RODENTIA:  GEOMYIDAE)  IN  TEXAS 

Richard  M.  Pitts,  Yigong  Lou,  John  W.  Bickham 
and  Gerald  C.  Ellis* 

Department  of  Wildlife  and  Fisheries  Sciences 
Texas  A&M  University 
College  Station,  Texas  77843  and 
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St.  Louis,  Missouri  63132 


Baird's  pocket  gopher,  Geomys  breviceps,  is  found  in  the  eastern 
portion  of  Texas.  The  western  limits  of  its  range  in  the  state  are  from 
Fannin  County  in  the  north  to  Falls  County  in  central  Texas  and  south¬ 
eastward  along  the  Brazos  River  to  Brazoria  County  (Schmidly  1983; 
Davis  &  Schmidly  1994).  In  Oklahoma,  the  range  of  Geomys  breviceps 
extends  westward  to  0.8  km  S  of  Thackerville,  Love  County  (Cothran 
&  Zimmerman  1985).  The  Llano  pocket  gopher,  G.  texensis,  occurs 
only  in  two  isolated  areas  in  the  Texas  Hill  country  (Smolen  et  al.  1993; 
Davis  &  Schmidly  1994).  This  study  reports  new  county  records  for 
both  of  these  species  in  Texas.  Voucher  specimens  are  deposited  with 
the  holdings  of  the  Texas  Cooperative  Wildlife  Collection  (TCWC)  at 
Texas  A&M  University. 

On  10  July  1996,  five  adult  pocket  gophers,  four  males  (TCWC 
53284-53285,  53287-53288)  and  one  female  (TCWC  53286),  were  live- 
trapped  (Baker  &  Williams  1972)  3.1  km  NW  of  Mustang,  Denton 
County,  Texas.  The  collecting  site  was  a  sandy  peanut  field  of  40.5 
hectares. 

The  gophers  were  taken  to  the  laboratory;  metaphase  spreads  were 
prepared  from  bone  marrow  cells,  using  0.075  M  potassium  chloride 
hypotonic  and  Carnoy’s  fixative  (Baker  et  al.  1982).  Fresh  slides  were 
prepared  by  dropping  (1.5  m)  the  cells  onto  slides  flooded  with  distilled 
water.  Standard  karyotypes  were  analyzed  following  staining  with  2% 
giemsa  stain  in  0.01  M  phosphate  buffer.  Diploid  number  (2N)  was 
determined  by  counting  at  least  10  spreads,  whereas  fundamental  number 
was  described  from  computer  counts  of  selected  spreads.  The  pocket 
gophers  were  identified  as  G.  breviceps  and  were  determined  to  have  a 
diploid  number  of  74  and  a  fundamental  number  of  72. 
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The  new  locality  is  approximately  130  km  southwestward  from  Lamar 
County  and  100  km  northwestward  from  Kaufman  County,  Texas 
(Schmidly  1983;  Davis  &  Schmidly  1994)  and  60  km  southeastward 
from  Love  County,  Oklahoma  (Cothran  &  Zimmerman  1985).  Addi¬ 
tionally  (but  not  listed  here),  113  specimens  were  collected  from  26 
different  locations  in  Denton  County  and  18  specimens  from  five  loca¬ 
tions  in  Grayson  County.  This  report  represents  the  first  record  of  G. 
breviceps  from  Denton  and  Grayson  counties. 

The  Llano  pocket  gopher,  G.  texensis,  is  currently  reported  from 
McCulloch,  San  Saba,  Mason,  Llano,  Gillespie,  Uvalde,  Zavala  and 
Medina  counties  of  the  Texas  Hill  Country  (Smolen  et  al.  1993;  Davis 
&  Schmidly  1994).  The  northern  limit  of  the  range  of  G.  texensis  is 
along  a  line  from  the  San  Saba  River  in  McCulloch  County  to  Cherokee 
in  San  Saba  County  (Block  &  Zimmerman  1991). 

On  21  December  1996,  five  specimens  of  G.  texensis,  four  females 
(TCWC  53289  -  53291,  53293)  and  one  male  (TCWC  53292),  were 
collected  6.4  km  NE  of  Bend,  intersection  FM  580  and  FM  581, 
Lampasas  County,  Texas.  This  locality  is  approximately  30  km  north¬ 
east  of  Cherokee,  San  Saba  County,  and  represents  the  first  records 
from  Lampasas  County,  Texas.  These  records  are  noteworthy,  as  they 
are  the  first  records  of  G.  texensis  northeast  of  the  Colorado  River. 
Additionally  (but  not  listed  here),  16  specimens  were  collected  from 
seven  different  locations  in  Lampasas  County. 
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(NYCTICEIUS  HUMERALIS)  IN  WEST  TEXAS 
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The  evening  bat,  Nycticeius  humeralis,  is  common  in  the  eastern  half 
of  Texas  and  is  generally  considered  a  species  of  forested  areas, 
especially  along  rivers  (Schmidly  1991).  The  western  limits  of  its 
distribution  in  Texas  were  thought  to  be  the  central  portion  of  the  state 
with  records  for  San  Saba,  Kerr,  Real  and  Kinney  counties  (Davis  & 
Schmidly  1994).  Recent  studies  revealed  a  breeding  population  in  Tom 
Green  County  of  west-central  Texas  (Dowler  et  al.  1992;  Boyd  et  al. 
1997).  Field  work  in  Val  Verde  and  Presidio  counties  has  now 
documented  the  evening  bat  at  two  sites  beyond  the  currently  reported 
range  of  the  species. 

On  7  July  1998,  a  single  male  Nycticeius  humeralis  was  collected 
from  Val  Verde  County,  Devils  River  State  Natural  Area,  Jose  Maria 
Spring  on  Dolan  Creek.  The  bat  was  the  only  one  collected  in  a  mist 
net  set  across  the  dry  bed  of  Dolan  Creek.  A  vertical  cliff  face  was  on 
the  west  side  of  the  creek  bed  and  a  large  grove  of  Plateau  Live  Oak 
{Quercus  fusiformis)  was  on  the  east  side,  adjacent  to  the  collection  site. 
The  specimen  was  deposited  in  the  Angelo  State  Natural  History 
Collection  (ASNHC  10105).  Measurements  (in  mm)  for  the  specimen 
were:  total  length,  98;  length  of  tail,  37;  length  of  hind  foot,  9;  length 
of  ear,  14;  length  of  forearm,  33;  length  of  tragus,  7.  The  specimen 
weighed  7.4  grams. 

This  record  is  approximately  50  miles  (85  km)  northwest  of  the 
Kinney  County  records  reported  by  Manning  et  al.  (1987)  from  19  mi 
(11  km)  SE  Del  Rio.  Although  the  site  of  capture  was  a  dry  creek  bed. 
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a  permanent  source  of  water,  the  Devils  River,  is  within  1.5  miles  (2.5 
km)  of  the  locality.  The  pelage  of  this  specimen  was  lighter  brown  than 
most  Nycticeius  humeralis  taken  from  farther  east  in  the  state  and 
suggests  that  this  individual  is  assignable  to  the  subspecies  N.  humeralis 
mexicanus  Davis  (1944).  Baker  (1956)  reported  specimens  from  five 
localities  in  north-eastern  Coahuila  and  assigned  these  to  N.  humeralis 
mexicanus  on  the  basis  of  pale  coloration.  The  validity  of  this 
subspecies,  however,  was  questioned  by  Schmidly  &  Hendricks  (1984) 
based  on  a  morphological  analysis  of  specimens  from  San  Luis  Potosi 
and  Tamaulipas,  Mexico,  and  eastern  Texas.  A  reevaluation  of 
subspecific  variation  in  Nycticeius  humeralis  in  the  southern  part  of  its 
distribution,  may  be  warranted. 

A  second  specimen  of  Nycticeius  humeralis  extends  the  range  of  the 
species  farther  west  in  Texas  to  Presidio  County.  This  specimen 
(ASNHC  9570)  was  collected  on  the  Ocotillo  Unit  of  the  Las  Palomas 
Wildlife  Management  Area,  2  mi  (3  km)  NW  of  Ruidosa  on  20  April 
1996.  This  record  represents  a  range  extension  for  the  evening  bat  of 
225  mi  (362  km)  west  of  the  Val  Verde  County  specimen,  and  is  the 
first  record  of  the  species  in  Trans-Pecos  Texas.  The  bat  was  collected 
in  a  mist  net  set  in  a  grassy  area  about  20  m  from  the  Rio  Grande  River, 
just  beyond  a  stand  of  salt  cedar  (Tarnarix  sp.)  bordering  the  river.  The 
specimen  was  a  subadult  female  weighing  5.2  grams.  External  measure¬ 
ments  (in  mm)  were:  total  length,  85;  length  of  tail,  34;  length  of  hind 
foot,  8;  length  of  ear,  11;  length  of  forearm,  35;  length  of  tragus,  5. 
Other  bats  collected  at  this  locality  were  Antrozous  pallidus  and  Myotis 
thysanodes. 

The  fact  that  this  animal  was  very  young  suggests  an  early  parturition 
time  for  Nycticeius  humeralis  in  this  part  of  the  species’  range. 
Parturition  for  the  species  in  the  southern  United  States  is  usually 
between  mid-May  and  mid-June  (Watkins  1972;  Schmidly  1991).  Baker 
(1956)  reported  lactating  bats  from  Coahuila,  Mexico,  in  mid-June  and 
young  bats  born  earlier  in  the  year  collected  from  18-21  June.  Evening 
bats  are  volant  at  20  days  of  age  (Watkins  1972),  putting  the  latest  time 
of  parturition  for  this  specimen  at  the  beginning  of  April. 
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Lucas  &  Effmger  (1991)  and  Lucas  &  Morgan  (1997)  reviewed  the 
published  records  and  accessible  museum  collections  of  mammoths 
(genus  Mammuthus)  and  mastodonts  (Marnmut  americanum)  from  New 
Mexico,  respectively  (see  also  Harris  1993).  The  current  study  adds  to 
the  fossil  record  two  recently  investigated  proboscideans  from  Nogal, 
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New  Mexico.  Specimens  are  deposited  with  the  holdings  of  the  New 
Mexico  Museum  of  Natural  History  and  Space  (NMMNH). 

The  Mountain  Breeze  Site  (L-3752)  was  identified  by  a  portion  of  the 
articular  end  of  a  proboscidean  long  bone  (NMMNH  27704)  eroding  out 
of  an  arroyo  wall  near  Nogal,  New  Mexico  (UTM  coordinates 
371 1660N,  434880E).  The  faunal  material  was  contained  within  the  late 
Pleistocene  /  early  Holocene  stratigraphic  unit  (Figure  1).  The  small 
remaining  portion  of  the  long  bone  could  be  that  of  either  Mammuthus 
imperator,  Mammuthus  columbi  or  Mammut  americanum,  but  given  the 
stratigraphic  location,  the  remains  are  unlikely  to  be  those  of 
Mammuthus  imperator. 

The  Dry  Gulch  Site  (L-3753)  was  discovered  by  a  local  miner  who 
noted  a  tusk  (NMMNH  27704)  eroding  from  the  base  of  an  arroyo  wall 
just  south  of  Nogal,  New  Mexico  (UTM  coordinates  3710820N, 
432320E).  As  the  discovery  was  located  on  United  States  Forest  Service 
lands,  the  miner  reported  the  find  to  Lincoln  National  Forest  archaeolo¬ 
gists  who  conducted  a  limited  excavation  at  the  site  in  1990  to  determine 
the  extent  and  species  of  the  discovery.  Based  on  the  limited  exposure 
of  the  skeleton,  the  investigators  attributed  the  remains  to  that  of  a 
Mammuthus  sp.,  but  Mammut  americanum  was  not  ruled  out. 

Additional  investigations  were  conducted  at  the  Dry  Gulch  Site  by  the 
Center  for  Indigenous  Research  in  the  fall  of  1997  and  again  in  the 
spring  of  1998.  During  the  excavation  a  portion  of  the  skeleton  was 
exposed  and  removed.  A  single  tusk,  two  upper  third  molars  (M3),  a 
portion  of  the  cranium,  a  complete  scapula,  several  thoracic  and  lumbar 
vertebrae,  a  cervical  vertebra,  various  complete  and  fragmented  ribs, 
and  fragments  of  the  shaft  and  articular  end  of  a  long  bone  were 
recovered  (NMMNH  27704). 

A  radiocarbon  assay,  acquired  from  a  bulk  soil  sample  recovered 
from  a  stratigraphic  unit  ca.  0.75  m  above  the  bone  bearing  deposit  (see 
Figure  1),  produced  a  corrected  date  of  8,550  +  50  (Beta  Lab  No. 
110610).  Calibrated  (Stuiver  et  al.  1993),  this  date  yields  a  two-sigma 
range  (95%  probability)  of  9,445  to  9,545  BP. 

The  Dry  Gulch  mammoth  teeth  consist  of  the  heavily  worn  right  and 
left  M3s  of  an  old  individual.  Measurements  (mm)  of  the  right  M3  are 
as  follows:  total  length,  195;  maximum  breadth  (including  cement),  1 14; 
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Figure  1.  Soil  profiles  from  the  Dry  Gulch  and  Mountain  Breeze  Sites.  (Dry  Gulch)  Sharp 
Unit:  7.5  YR  5/4,  predominantly  silty  clay,  some  subsoil  carbonate  filaments,  common 
fragments  of  charcoal  -  probably  related  to  burned  roots.  Hahn  Unit  (gravelly  facies): 
5  YR  3/1,  clay  to  sandy  clay,  angular  blocky  structure,  7.5  YR  8/2  gypsum  filaments 
with  minor  iron  stains  of  2.5  YR  4/8.  Black  clay:  5  YR  2.5/1  clay,  angular  blocky 
structure.  Huckell  Unit  (gravelly):  Multicolored  gravelly  loamy  sand  with  mottles  of 
manganese  (2.5  YR  2.5/0),  iron  stains  (2.5  YR  4/8),  and  gypsum  (7.5  YR  8/2).  Huckell 
Unit  (clayey):  5  YR  5/6  clay,  angular  blocky  structure,  with  mottles  (5  YR  4/1),  and 
gypsum  (7.5  YR  8/2)  (adapted  from  Monger  1997).  (Mountain  Breeze)  Unit  I:  Bkb 
horizon,  lOYR  3/2  silty  clay  loam,  weak  medium  subangular  blocky  structure,  dry 
slightly  hard,  sparse  carbonate  threads  and  small  nodules,  weak  reaction.  Unit  Ila,  Btklb 
horizon,  lOYR  4/4  loamy  clay,  moderately  strong  medium  angular  blocky  structure,  dry 
hard,  numerous  carbonate  filaments  and  small  nodules,  strong  reaction.  Unit  Ilb:  Btk2b 
horizon,  lOYR  5/4  loamy  clay,  moderately  strong  medium  angular  blocky  structure,  dry 
hard,  numerous  filaments  and  small  carbonate  nodules,  strong  reaction,  abrupt  irregular 
upper  boundary.  Unit  III,  ABkb  horizon,  lOYR  3/2  silty  clay  loam,  weak  medium  to  fine 
subangular  blocky,  dry  slightly  hard,  moderately  strong  reaction,  sparse  carbonate 
filaments  and  occasional  small  nodules.  Unit  IV:  Btkb  horizon,  lOYR  3/2  loamy  clay, 
moderately  strong  medium  angular  blocky,  dry  slightly  hard,  sparse  to  moderate 
carbonate  filaments  and  some  very  small  nodules,  strong  reaction.  Unit  V:  modern 
colluvial  apron,  surface  A  horizon,  lOYR  3/1  silty  clay  loam,  structureless,  dry  loose, 
no  carbonates,  no  reaction.  Bw  horizon  (lOYR  3/2  silty  clay  loam,  weak  fine  to  medium 
subangular  blocky  structure,  dry  soft,  no  visible  carbonates,  no  reaction. 
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maximum  breadth  of  enamel,  98;  total  number  of  enamel  plates,  10; 
lamellar  frequency  (number  of  plates  per  100  mm  of  tooth  length),  6; 
enamel  thickness,  2.8  (mean  of  10  measurements  with  observed  range 
of  2.5-3. 1).  These  measurements  fit  within  the  observed  range  of  upper 
M3s  of  M.  columbi  from  the  Hot  Springs  Mammoth  Site  in  South 
Dakota  (Agenbroad  1994),  and  the  Dry  Gulch  mammoth  is  thus  referred 
to  M.  columbi.  However,  the  Dry  Gulch  teeth  do  have  rather  thick 
enamel  and  more  widely  spaced  plates  compared  to  most  other  M. 
columbi,  and  in  these  two  features  show  some  resemblance  to  teeth  of 
M,  imperator. 

Nearly  all  of  the  sediment  from  the  stratigraphic  unit  that  contained 
the  faunal  material  was  screened  in  order  to  recover  any  cultural 
artifacts  possibly  associated  with  the  faunal  remains.  No  cultural 
material  was  recovered. 
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Texas  Parks  and  Wildlife  Department  (TPWD),  in  conjunction  with 
the  local  chapter  of  Trout  Unlimited,  established  a  tailrace  rainbow  trout 
{Oncorhynchus  my  kiss)  fishery  in  the  Guadalupe  River  downstream  of 
Canyon  Reservoir  Dam,  Comal  County,  Texas.  Beginning  on  12  May 
1996,  a  die-off  of  at  least  30  rainbow  trout  was  investigated  by  TPWD. 
Beginning  on  12  May  1997,  another  kill  of  at  least  12  rainbow  trout  was 
investigated  by  TPWD. 

Field  investigations  by  TPWD  did  not  reveal  problems  with  tempera¬ 
ture,  dissolved  oxygen,  pH  or  specific  conductance.  No  other  species 
were  observed  dead.  Seven  rainbow  trout  from  1996  and  two  from 
1997  were  necropsied.  Stomachs  from  the  otherwise  healthy-looking 
fish  contained  alate  (winged)  red  imported  fire  ants  (Solenopsis  invicta) . 
Mean  number  of  fire  ants  in  each  stomach  was  1 10  with  a  range  of  17 
(in  a  fish  with  a  total  length  of  82  mm)  to  456  (in  a  fish  with  a  total 
length  of  296  mm).  Other  invertebrates  observed  in  the  stomachs 
included  aquatic  snails  (Gastropoda),  terrestrial  beetles  (Coleoptera), 
isopods  (Isopoda)  and  caddisfly  larvae  (Trichoptera).  However,  no 
more  than  two  of  these  individuals  were  observed  in  any  one  stomach. 

Suspected  mortality  of  sunfish  {Lepomis  spp.)  resulting  from  ingestion 
of  fire  ants  dates  back  to  the  early  1960s  (Green  &  Hutchins  1960; 
Prather  1960;  Cfance  1965).  Concern  at  that  time  prompted  limited 
research  to  determine  the  effects  of  sunfish  feeding  on  fire  ants.  Prather 
(1960)  reported  that  feeding  on  fire  ants  did  not  result  in  ill  effects  on 
bluegill  (L.  macrochirus)  or  redear  sunfish  (L.  microlophus) .  Converse¬ 
ly,  Green  &  Hutchins  (1960)  fed  fire  ants  to  bluegill  and,  when  fed 
enough  fire  ants  (number  of  fire  ants  was  not  specified),  the  fish  would 
lose  equilibrium  and  in  some  cases  die.  Although  not  stated,  these 
studies  probably  fed  worker  fire  ants  to  the  fish.  Crance  (1960)  investi¬ 
gated  sunfish  mortalities  in  ponds  and  believed  they  were  due  to  the 
ingestion  of  alate  fire  ants. 

During  the  May  1997  kill,  numerous  alate  fire  ants  were  observed 
descending  from  mating  flights  and  landing  on  the  river  (S.  Graham, 
pers.  comm.).  Rainbow  trout  feeding  on  the  fire  ants  had  subsequent 
loss  of  equilibrium  and  some  ultimately  died.  Worker  fire  ants  are  well 
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known  for  their  stings.  Their  venom  is  unusual  relative  to  that  of  other 
stinging  insects,  consisting  of  a  mixture  of  cytotoxic  alkaloids  and  pro¬ 
tein  (Blum  et  al.  1958;  Vinson  1997).  However,  male  fire  ants  do  not 
possess  a  stinger  and  alate  females  do  not  sting  (Vinson  1997).  Thus, 
loss  of  equilibrium  and  mortality  is  probably  due  to  the  digestion  of 
toxins  rather  than  physical  trauma  resulting  from  stings. 

Quinonez  (1996)  studied  the  diet  of  rainbow  trout  in  this  same  portion 
of  the  river  during  June  1994  and  July  1995.  She  observed  one  uniden¬ 
tified  ant  in  each  of  three  trout  stomachs.  The  majority  of  the  rainbow 
trout  diet  consisted  of  an  abundance  and  diversity  of  aquatic  macro¬ 
invertebrates.  Predation  on  alate  fire  ants  by  rainbow  trout  may  be  a 
normal,  but  very  intense,  short-lived  and  seasonal  occurrence  in  the 
Guadalupe  River.  Mating  flights  usually  occur  shortly  after  spring  rains 
and  may  consist  of  several  thousand  reproductive  individuals  (Vinson 
1997),  consistent  with  observations  made  during  this  study. 

Texas  Parks  and  Wildlife  Department  has  not  documented  any  other 
fish  kills  associated  with  fish  ingesting  fire  ants.  Based  on  these  obser¬ 
vations,  fish  kill  investigators  should  consider  fire  ant  ingestion  as  a 
potential  cause  of  fish  kills  in  areas  within  their  range.  Investigators 
should  examine  contents  of  fish  stomachs  when  investigating  fish  kills 
of  unknown  origin. 
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CHANGES  IN  THE  FISH  ASSEMBLAGE 
OF  AN  INTERMITTENT  PRAIRIE  STREAM 
UPSTREAM  FROM  A  TEXAS  IMPOUNDMENT 

Gene  R.  Wilde  and  Kenneth  G.  Ostrand 

Department  of  Range,  Wildlife  and  Fisheries  Management 
Texas  Tech  University,  Lubbock,  Texas  79409 

Abstract. —Comparisons  offish  collections  made  from  the  Double  Mountain  Fork  of  the 
Brazos  River  before  and  after  impoundment  of  Lake  Alan  Henry  show  that  the  stream  fish 
assemblage  upstream  from  the  lake  has  changed  dramatically.  Overall,  numerical  dominance 
in  the  fish  assemblage  has  shifted  from  minnows  (family  Cyprinidae)  to  pupfishes  and  killi- 
fishes  (family  Cyprinodontidae).  The  cyprinid  species  Hybognathus  placitus  and  Notropis 
buccula,  which  were  abundant  in  pre-impoundment  collections,  have  become  extirpated,  or 
nearly  so,  since  the  river  was  impounded. 


Dams  and  impoundments  dramatically  alter  the  physical  and  chemical 
characteristics  of  streams  and  rivers  (Baxter  1977;  Stanford  &  Ward 
1979).  Post- impoundment  changes  in  water  temperature,  concentrations 
of  dissolved  gases,  substrate  composition,  and  the  timing  and  volume  of 
stream  discharges,  may  affect  stream  fish  assemblages  (Edwards  1978; 
Holden  1979;  Anderson  et  al.  1983;  Bain  et  al.  1988).  Holden  (1979) 
distinguished  between  two  broad  classes  of  stream  fishes  according  to 
the  degree  to  which  they  required  riverine  conditions  and  thus,  were 
affected  by  impoundments.  Obligate  riverine  species,  such  as  the  darters 
(Etheostoma  and  Percina  spp.),  include  those  species  that  require  river¬ 
ine  conditions  for  all,  or  some  (^partially  obligate  species,  i.e.,  salmon, 
Oncorhynchus  spp.)  of  their  ecological  needs.  Dams  and  impoundments 
almost  invariably  negatively  affect  obligate  riverine  species  (Holden 
1979).  Facultative  riverine  species,  such  as  gizzard  shad  {Dorosoma 
cepedianum)  and  largemouth  bass  (Micropterus  salmoides)  are  less 
impacted  by  impoundments  and  actually  may  increase  in  abundance  in, 
and  downstream  from,  impoundments  (Holden  1979). 

The  effects  of  impoundments  generally  are  most  apparent  in  down¬ 
stream  areas  and,  consequently,  the  greatest  attention  has  been  focused 
on  these  areas  (e.g.,  Holden  1979).  However,  effects  of  dams  and 
impoundments  also  extend  upstream.  Facultative  riverine  species  may 
increase  in  abundance  in  impoundments  and  move  upstream  where  they 
may  impact  obligate  riverine  species  (Ruhr  1956;  Erman  1973).  Dams 
and  impoundments  also  may  act  as  barriers  to  upstream  migration  by 
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fishes  that  historically  occupied,  but  either  did  not,  or  could  not, 
maintain  permanent  populations  in  upstream  areas  (Hatch  et  al.  1985; 
Reyes-Galivan  et  al.  1996).  Finally,  in  headwater  and  intermittent 
streams,  impoundments  may  affect  upstream  fish  assemblages  by  pre¬ 
venting  recolonization  following  periods  of  drought,  or  other  natural 
disturbances,  that  periodically  extirpate  local  populations  (e.g.,  Winston 
et  al.  1991). 

In  this  paper,  changes  in  the  fish  assemblage  of  an  intermittent  prairie 
stream,  the  Double  Mountain  Fork  of  the  Brazos  River,  upstream  from 
a  recently  constructed  impoundment  are  described.  At  the  initiation  of 
this  study,  two  changes  in  the  assemblage  were  expected:  (1)  the 
extirpation  of  the  obligate  riverine  species  Notropis  buccula  and 
Hybognathus  placitus,  which  were  believed  to  be  unable  to  maintain 
permanent  populations  upstream  from  the  impoundment  in  the  absence 
of  periodic  immigration  from  downstream  sites;  and  (2)  a  decline  in 
relative  abundance  and  species  richness  of  minnows  (family  Cyprinidae) , 
compared  with  pre-impoundment  collections,  as  a  result  of  the  loss  of 
N.  buccula  and  //.  placitus. 


Study  Area 

The  Double  Mountain  Fork  of  the  Brazos  River  rises  in  a  break  in  the 
Llano  Estacado  in  eastern  Lynn  County,  Texas.  The  river  flows 
approximately  264  km  to  its  confluence  with  the  Salt  Fork  of  the  Brazos 
River.  The  confluence  of  these  two  streams,  just  west  of  the  Stonewall/ 
Haskell  county  line,  forms  the  Brazos  River  proper. 

In  its  upper  reaches,  the  Double  Mountain  Fork  is  an  intermittent 
stream  and  flows  for  only  a  few  days  after  rain  events.  After  flows 
cease,  stream  fishes  are  confined  to  isolated  pools  for  up  to  several 
months  at  a  time.  Prior  to  1991,  the  Double  Mountain  Fork  was 
unregulated.  Construction  of  John  T.  Montford  Dam  was  begun  in  that 
year,  and  impoundment  of  the  Double  Mountain  Fork  to  form  Lake 
Alan  Henry  began  in  October  1993. 

Methods 

Fishes  were  collected  from  the  Double  Mountain  Fork,  Garza  County, 
Texas,  from  August  1996  through  December  1998.  All  collections  were 
made  at  the  U.S.  Highway  84  crossing  at  river  km  52,  approximately  14 
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km  upstream  from  Lake  Alan  Henry  and  22  km  upstream  from  Mont- 
ford  Dam.  This  site  was  chosen  because  of  its  accessibility  and  because 
two  pre- impoundment  collections  had  been  made  there  in  March  1978 
(G.  P.  Garrett,  pers.  comm.)  and  in  May  1992  (Moss  &  Mayes  1993). 
During  August  1996  through  December  1998,  fish  were  collected  with 
a  3.7  by  1.2  m  minnow  seine.  All  fishes  collected  were  preserved  in 
10%  formalin  and  returned  to  the  lab  for  identification  and  enumeration. 
Fish  were  collected  from  flowing  waters,  when  present,  or  isolated  pools 
in  an  attempt  to  sample  all  possible  habitat  types  and  obtain  a  representa¬ 
tive  sample.  An  effort  was  made  to  collect  a  minimum  of  200  speci¬ 
mens  per  sampling  event.  During  sampling,  width  of  wetted  stream 
ranged  from  0.4  to  7.4  m.  Length  of  stream  sampled  ranged  from  0.4 
to  3.2  km. 

Although  fishes  were  sampled  from  a  single  site  on  the  Double 
Mountain  Fork,  this  site  is  located  in  the  lower  reaches  of  the  unim¬ 
pounded  river.  During  extended  dry  periods,  permanent  pools  are 
absent  for  at  least  several  hundred  meters  upstream  and  downstream 
from  Highway  84.  Pools  in  this  area  are  recolonized,  from  upstream 
and  downstream  sites,  during  flood  events.  Therefore,  collections  from 
this  site  should  be  adequate  to  document  species  presence  and  relative 
abundance  in  the  Double  Mountain  Fork  upstream  from  Lake  Alan 
Henry. 


Results 

Eleven  species  of  fish,  representing  six  families,  have  been  collected 
from  the  Double  Mountain  Fork  at  Highway  84  (Table  1).  Eight  species 
were  collected  before  impoundment  of  Lake  Alan  Henry  and  one  addi¬ 
tional  species,  Ameiurus  me  las,  probably  occurred  in  this  area  even 
though  it  was  not  present  in  pre-impoundment  collections.  The  facul¬ 
tative  riverine  species  Dorosoma  cepedianum  and  Microptems  salrnoides 
are  native  to  the  Brazos  River  and  its  tributaries,  but  probably  did  not 
occur  this  far  upstream  in  the  Double  Mountain  Fork  prior  to  impound¬ 
ment  of  Lake  Alan  Henry.  Their  presence  in  post- impoundment  samples 
is  probably  due  to  immigration  from  the  lake. 

In  the  earliest  collection  (1978)  from  the  Double  Mountain  Fork,  the 
fish  assemblage  was  dominated  by  cyprinids,  primarily  N.  buccula  and 
H.  placitus,  which  together  represented  49%  of  all  fishes  captured. 
Two  species  ofcyprinodontids,  Cyprinodon  rubrofluviatilis  and  Fundulus 


Table  1.  Relative  abundance  (%)  of  fishes  captured  from  the  Double  Mountain  Fork  of  the  Brazos  River  at  US  Highway  84,  Garza  County, 
Texas,  during  1978  through  1998. 
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zebrinus,  comprised  34%  of  the  fish  assemblage.  In  1992,  Notropis 
buccula  and  Hybognathus  placitus  represented  21%  of  all  fishes  cap¬ 
tured,  with  other  cyprinids  comprising  an  additional  15%  of  the  fish 
assemblage.  Cyprinodontids  represented  64%  of  the  assemblage.  Dif¬ 
ferences  in  the  fish  assemblage  between  1978  and  1992  may  represent 
natural  variation  associated  with  differences  in  stream  volume,  water 
temperature,  salinity,  and  the  length  of  time  that  fish  had  been  restricted 
to  pools  when  sampled.  However,  one  cannot  discount  the  possibility 
that  these  differences  are  due  to  modifications  of  the  Double  Mountain 
Fork  associated  with  construction  of  Montford  Dam. 

In  collections  made  from  August  1996  though  December  1998,  after 
impoundment  of  Lake  Alan  Henry,  cyprinodontids  increased  in  relative 
abundance  and  comprised  40  to  99%  of  fishes  captured,  whereas  cypri¬ 
nids  comprised  only  1  to  29%  of  the  assemblage.  In  contrast  to  earlier 
collections,  cyprinids  were  primarily  represented  by  Cyprinella  lutrensis. 
Notropis  buccula  and  Hybognathus  placitus  comprised  less  than  1  %  of 
the  fish  assemblage  following  impoundment  of  Lake  Alan  Henry. 

Discussion 

Stream  fish  assemblages  throughout  Texas  have  changed  considerably 
since  the  1950s  (Anderson  et  al.  1995;  Hubbs  et  al.  1997).  Many  of 
these  changes  are  associated  with  reservoir  construction  and  related 
environmental  changes  (Anderson  et  al.  1995).  Since  the  1950s,  several 
reservoirs  have  been  constructed  in  the  Brazos  River  drainage  and, 
compared  with  other  river  drainages  in  the  state,  the  Brazos  River  is 
among  those  that  show  the  greatest  temporal  changes  in  fish  assemblages 
(Anderson  et  al.  1983;  Anderson  et  al.  1995;  Hubbs  et  al.  1997).  This 
study  documents  changes  in  the  fish  assemblage  of  the  upper  Double 
Mountain  Fork  that  are  attributable  to  reservoir  construction.  This  is  of 
particular  interest  because  several  water-development  projects,  including 
at  least  one  additional  reservoir  and  three  chloride-control  projects,  have 
been  proposed  for  construction  on  the  upper  Brazos  River  (Texas  Water 
Development  Board  1990). 

Since  the  1950s,  there  has  been  a  general  decline  in  the  relative 
abundance  of  cyprinids  in  stream  fish  assemblages  throughout  Texas 
(Anderson  et  al.  1995).  In  this  study,  there  was  a  considerable  decrease 
in  the  relative  abundance  of  cyprinids  in  the  Double  Mountain  Fork 
upstream  from  Lake  Alan  Henry;  however,  there  was  a  complementary 
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increase  in  the  relative  abundance  of  cyprinodontids,  which  was  not 
described  by  Anderson  et  al.  (1995).  Results  of  this  study  also  suggest 
an  apparent  increase  in  the  relative  abundance  of  Gambusia  affinis  in  the 
Double  Mountain  Fork  after  impoundment  of  Lake  Alan  Henry. 
Anderson  et  al.  (1995)  reported  that  the  relative  abundance  of  this 
opportunistic  species  had  increased  statewide  since  the  1950s. 

Cyprinella  lutrensis  comprised  9  to  15%  of  the  pre- impoundment  fish 
assemblage  and  was  a  persistent,  but  variable  element  (1  to  29%)  of  the 
post-impoundment  assemblage.  The  relative  and  absolute  abundance  of 
C  lutrensis  commonly  increases  in  disturbed  environments,  especially 
where  stream  discharges  have  been  reduced  in  magnitude  and  variability 
(Cross  and  Moss  1987)  including  areas  downstream  from  reservoirs 
(Edwards  1978;  Anderson  et  al.  1983).  There  was  no  evidence  of  any 
increase  in  abundance  of  C.  lutrensis  in  the  Double  Mountain  Fork 
upstream  from  Lake  Alan  Henry,  possibly  because  stream  discharge  and 
other  abiotic  conditions  in  this  reach  of  the  river  were  unaffected  by 
impoundment  of  the  lake. 

Results  of  this  study  suggest  that  Hybognathus  placitus  has  become 
extirpated  from  the  Double  Mountain  Fork  upstream  from  Lake  Alan 
Henry  and  that  Notropis  buccula  either  has,  or  soon  will,  experience  a 
similar  fate.  Hybognathus  placitus  has  not  been  collected  upstream  from 
Lake  Alan  Henry  since  1996  and  was  represented  in  that  sample  by  a 
single  specimen.  Notropis  buccula  was  infrequent,  and  irregular  in 
occurrence,  in  collections  made  since  1996.  Loss  of  these  species 
represents  a  50%  decrease  in  cyprinid  species  richness  in  the  Double 
Mountain  Fork  upstream  from  Lake  Alan  Henry. 

Both  Notropis  buccula  and  Hybognathus  placitus  are  obligate  riverine 
species.  Spawning  appears  to  occur  in  response  to  flood  events  in  H. 
placitus  (cf.  Lehtinen  &  Layzer  1988;  Taylor  &  Miller  1990)  and  N. 
girardi  (cf.  Moore  1944),  which  is  closely  related  to  N,  buccula  (cf. 
Cross  1953;  Cross  et  al.  1983).  In  the  upper  reaches  of  the  Double 
Mountain  Fork,  fishes  are  confined  to  isolated  pools  for  extended 
periods.  Notropis  buccula  and  H.  placitus  may  be  unable  to  reproduce 
in  these  pools,  which  would  explain  their  disappearance  from  the  river 
upstream  from  Lake  Alan  Henry.  Prior  to  impoundment  of  Lake  Alan 
Henry,  these  species  could  recolonize  the  upper  Double  Mountain  Fork 
once  flows  returned,  however,  the  lake  now  prevents  this.  Winston  et 
al.  (1991)  described  the  similar  extirpation  of  two  cyprinid  species. 
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Macrhybopsis  aestivalis  and  Notropis  potteri,  upstream  from  an  im¬ 
poundment  of  the  North  Fork  of  the  Red  River,  Oklahoma.  They  also 
noted  that  two  additional  cyprinids,  Hybognathus  placitus  and  Notropis 
bairdi,  appeared  to  be  periodically  extirpated  and  reintroduced  as  bait- 
bucket  introductions.  Winston  et  al.’s  (1991)  observations  and  results 
of  the  present  study  suggest  that  attempts  to  reestablish  N.  buccula  and 
H.  placitus  upstream  from  Lake  Alan  Henry  would  not  be  successful. 

Notropis  buccula  is  endemic  to,  and  historically  was  widespread 
throughout,  the  Brazos  River  drainage  (Cross  1953;  Hubbs  et  al.  1991). 
Presently,  it  is  restricted  in  occurrence  to  the  Brazos  River  and  its 
tributaries  upstream  from  Possum  Kingdom  Reservoir  (Moss  &  Mayes 
1993).  Because  of  recent  decreases  in  the  distribution  and  abundance  of 
N.  buccula  and  plans  for  continued  development  of  the  upper  Brazos 
River  drainage.  Moss  &  Mayes  (1993)  suggested  that  N.  buccula  might 
warrant  protection  as  a  threatened  species.  In  light  of  the  decreasing 
distribution  of  the  species,  the  eventual  extirpation  of  N,  buccula 
upstream  from  Lake  Alan  Henry  must  be  considered  as  a  significant 
loss. 
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Abstract.— This  study  presents  quantitative  survey  data  of  larger  terrestrial  reptiles  from 
three  old-field  sites  in  the  northeastern  portion  of  the  Blackland  Prairie  ecoregion  of  Texas. 
Among  these  sites  this  study  documented  the  relative  abundances  of  12  species  of  snakes  and 
one  species  of  lizard.  Three  species,  the  western  cottonmouth  {Agkistrodon  piscivorus 
leucostoma),  the  eastern  yellow-bellied  racer  {Coluber  constrictor flaviventris)  and  the  Texas 
garter  snake  (Thamnophis  sirtalis  annectans),  accounted  for  58%  of  all  individuals  captured. 
Comparisons  among  sites  indicated  no  differences  in  the  number  of  individuals  captured  or 
in  the  number  of  species  captured.  However,  despite  the  fact  that  the  sites  represented  the 
same  type  of  habitat  and  were  within  a  relatively  small  local  area,  there  were  significant 
differences  in  the  types  and  abundances  of  the  species  present  at  each  site.  These  data 
represent  the  first  published  quantitative  herpetological  survey  for  this  portion  of  the 
Blackland  Prairie  ecoregion  of  Texas. 


Quantitative  ecological  surveys  have  received  increased  attention  in 
recent  years  (Ricklefs  &  Schluter  1993;  Dodd  &  Franz  1993;  Haila 
1996).  This  has  been  prompted  by  general  observations  of  noticeable 
declines  among  numerous  taxa  in  a  variety  of  ecological  settings  (Haila 
1996;  Haila  &  Margules  1996).  In  addition,  recent  political  and  public 
trends  have  created  a  mandate  for  the  restoration  of  natural  communities. 
Restoration  practices  require  base-line  ecological  survey  data  to  assess 
the  nature  of  existing  species  assemblages,  to  assess  the  effectiveness  of 
management  practices,  and  to  develop  an  understanding  of  how  and  why 
diversity  varies  among  localities  within  the  same  ecosystem  (Haila 
1996).  Unfortunately,  restoration  ecologists  are  chronically  faced  with 
situations  in  which  natural,  undisturbed  communities  are  rare,  extremely 
fragmented,  or  in  many  cases  no  longer  exist.  In  the  absence  of  suitable 
reference  communities,  it  becomes  necessary  to  assess  local  diversity 
among  disturbed  communities  and  to  use  these  data  to  make  inferences 
about  the  ecology  and  species  diversity  of  pre-existing  undisturbed 
communities  (Haila  1996). 
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Texas  is  divided  into  several  distinct  ecoregions  (Blair  1950;  Gould 
1975),  one  of  which  is  the  Blackland  Prairie.  This  region,  formerly 
dominated  by  tail-grass  prairie,  occupies  a  narrow  belt  from  San  Antonio 
to  Paris  and  is  one  of  the  most  endangered  large  ecosystems  in  North 
America.  Of  the  original  4.3  million  hectares  of  Blackland  Prairie,  less 
than  10  percent  remains  unplowed  in  small,  scattered  remnants  whose 
vegetation  composition  has  been  altered  by  human  activities  and  the 
termination  of  natural  disturbances  critical  to  the  maintenance  of  prairie 
ecosystems  (Diamond  &  Smeins  1993).  This  has  created  problems  for 
those  interested  in  restoring  Blackland  Prairie  ecosystems.  In  particular, 
community  associations  within  the  Blackland  Prairie  ecoregion  are 
poorly  understood.  While  there  is  some  information  on  basic  floristic 
associations  (Gould  1975;  Diamond  &  Smeins  1993),  knowledge  of 
faunal  associations  is  scanty,  even  for  disturbed  sites  (Schmidly  et  al. 
1993;  Wilkins  1995).  This  is  particularly  true  of  herpetological 
associations.  Thus,  while  Dixon  (1987)  has  provided  herpetological 
records  for  many  Blackland  Prairie  counties,  no  quantitative  survey  data 
on  reptile  abundances  and  associations  have  been  published  for  this 
region  (Schmidly  et  al.  1993). 

This  study  was  undertaken  to  conduct  a  herpetological  survey  of 
larger  species  of  terrestrial  reptiles  at  three  old-field  sites  in  the 
northeastern  portion  of  the  Blackland  Prairie  ecoregion  of  Texas.  These 
sites  consisted  of  tracts  of  abandoned  agricultural  land,  all  of  which 
contained  soils  of  the  alfisol  group  that  originally  supported  Blackland 
Prairie  vegetation  (Hallmark  1993).  The  primary  objective  was  simply 
to  document  the  relative  abundances  of  reptile  species  observed  at  these 
sites.  To  characterize  these  sites  for  future  comparisons,  and  to  better 
define  the  nature  of  the  sites  used,  quantitative  data  on  vegetation  at  each 
site  is  also  presented.  Collection  methods  incidentally  captured  a 
number  of  potential  prey  species.  Since  these  species  provide  additional 
information  on  the  ecological  setting  of  the  study  sites  and  because  they 
could  be  relevant  to  herpetological  abundance  and  diversity,  a  brief 
description  of  these  prey  species  is  also  included. 

Materials  and  Methods 

Study  areas.— Tht  three  areas  used  in  this  study  were  located  in  the 
wildlife  management  areas  along  the  north  side  of  Cooper  Lake  in  Delta 
Co.,  Texas  (Fig.l).  All  three  sites  contained  soils  of  the  Wilson/ 
Normangee/Crocket  Alphisol  group  (Ressel  1979)  that  formed  under 
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Figure  1 .  Map  showing  the  location  of  Delta  County  in  Texas  and  the  locations  and  relative 

sizes  of  the  study  sites  at  Cooper  Lake.  A  =  Dogtown  site.  B  =  Friendship  site.  C  = 

Liberty  Grove  site.  D  =  the  town  of  Klondike. 

tail-grass  prairie  vegetation,  most  likely  of  the  silveanus  dropseed/ 
meadsedge  association  (Diamond  &  Smeins  1993).  The  sites  had  been 
used  for  agricultural  purposes  until  the  early  1980’s  when  the  land  was 
purchased  by  the  U.S.  Army  Corps  of  Engineers  and  was  set  aside  to 
be  managed  by  the  Texas  Parks  and  Wildlife  Department.  Thus,  at  the 
time  that  the  current  study  was  conducted  (1995),  the  sites  had  been  idle 
for  at  least  10  years.  An  effort  was  made  to  select  sites  that  were  as 
similar  as  possible;  however,  there  were  some  differences  in  topography 
and  size.  A  brief  description  of  the  sites  follows. 

The  Dogtown  site  was  located  at  the  northeast  end  of  Cooper  Lake, 
4.8  km  southwest  of  the  town  of  Klondike  in  Delta  County.  The  site 
consisted  of  12  ha  of  open  habitat.  It  was  bounded  on  the  north  and  east 
by  lake  shoreline  and  on  the  south  and  northwest  by  riparian  forests 
dominated  by  hickory  {Carya  sp.)  and  oak  {Quercus  sp.).  Along  the 
west  margin  of  this  site  was  a  railroad  right  of  way  lined  with  honey 
locust  {Gleditsia  triacanthos) ,  hercules  club  {Zanthoxylum  clava- 
herculis),  bois  d’arc  {Madura  pomifera),  hawthorne  {Crataegus  sp.), 
sugarberry  {Celtis  laevigata)  and  green  ash  {Fraxinus  pennsylvanica) . 
The  Dogtown  site  was  somewhat  sloping  and  averaged  about  6.2  m 
above  the  lake  level.  The  vegetation  was  mainly  grasses  and  forbs,  but 
a  few  isolated  small  trees  were  scattered  throughout  the  site,  mainly  bois 
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d’arc,  honey  locust,  plum  (Prunus  sp.),  red  cedar  (Juniperus  virginiana) 
and  persimmon  (Diospyros  virginiana). 

The  Friendship  site  was  4.0  km  northeast  of  the  Dogtown  site  and  2.0 
km  south  of  the  town  of  Klondike.  It  contained  24  ha  of  open  habitat 
and  was  bounded  to  the  east  by  Cooper  Lake.  Along  the  south  and  west 
margins  were  early  second  growth  forests  dominated  by  green  ash,  water 
oak  {Quercus  nigra),  post  oak  (Quercus  stellata),  honey  locust  and 
sugarberry.  To  the  north  the  site  was  bounded  by  a  riparian  forest  of 
water  oak  and  willow  oak  {Quercus  phellos).  The  site  was  flat  to 
slightly  rolling,  poorly  drained,  and  averaged  3.0  m  above  the  lake 
level.  The  vegetation  was  dominated  by  broomsedge  bluestem  and  only 
a  few  isolated  trees  (red  cedars)  were  evident. 

The  Liberty  Grove  site  was  4.0  km  east  of  the  Friendship  site  and  5.0 
km  from  the  town  of  Klondike.  It  was  the  largest  of  the  three  sites  and 
consisted  of  36  ha  of  open  habitat.  Located  on  a  peninsula,  it  was 
bounded  by  water  to  the  north,  east,  and  south.  A  hedgerow  of  cedar 
elm  (Ulmus  crassifolia)  and  sugarberry  formed  the  western  side  of  this 
site.  The  site  itself  was  extremely  flat,  poorly  drained,  and  averaged 
about  2.0  m  above  the  lake  level.  The  vegetation  was  dominated  by 
grasses  and  forbs  and  numerous  clumps  of  baccharus  {Bacchants  sp.) 
were  evident. 

Trapping  methods.— LdiYgt  reptiles  (primarily  snakes)  and  some  poten¬ 
tial  prey  species  were  captured  using  drift  fences  with  funnel  traps.  The 
drift  fences  and  funnel  traps  were  constructed  of  0.6  cm  mesh  hardware 
cloth,  the  drift  fences  being  60  cm  in  height.  The  fences  were  sunken 
8  cm  into  the  ground  and  were  laid  out  in  a  "Y"  configuration.  Each 
of  the  three  radiating  arms  of  the  layout  was  17  m  long  and  held  two  0.9 
m  funnel  traps,  one  3.8  m  from  the  center  and  one  3.8  m  from  the  end. 
Thus,  each  set  of  drift  fences  contained  six  funnel  traps.  To  prevent 
harm  to  the  animals,  each  funnel  trap  contained  a  dish  of  water  and  was 
shaded  with  a  board.  One  set  of  drift  fences  was  placed  near  the  center 
of  each  study  site. 

The  funnel  traps  were  checked  daily  from  30  June  1995  through  30 
September  1995,  resulting  in  an  overall  trapping  effort  of  1674  trap- 
days,  or  558  trap-days  per  site.  The  traps  were  checked  either  in  the 
morning  around  1000  h  or  in  the  evening  around  1700  h.  Each  capture 
was  identified  to  subspecies  and  marked  by  clipping  a  unique  combina- 
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tion  of  tail  scales  just  posterior  to  the  cloaca.  To  minimize  handling  for 
safety  reasons,  specimens  of  the  venomous  western  cottonmouth  (Agkis- 
trodon  piscivoms  leucostoma)  and  southern  copperhead  {Agkistrodon 
contortrix  contortrix)  were  not  marked.  However,  cottonmouths 
exhibited  considerable  variation  in  size  and  pattern  and  recaptures  of  this 
species  were  done  by  consulting  field  notes.  Only  one  southern  copper¬ 
head  was  captured;  hence  recaptures  of  this  species  did  not  factor  into 
the  analysis.  Once  the  data  had  been  recorded,  individuals  were 
released  about  10  m  away  from  the  drift  fences  to  avoid  immediate 
recapture. 

During  the  survey  several  potential  prey  species  were  also  captured. 
These  consisted  of  Woodhouse’s  toads  (Bufo  woodhousii  woodhousii), 
southern  leopard  frogs  (Rana  sphenocephala),  fulvous  harvest  mice 
{Reithrodontomys  fidvescens) ,  white-footed  mice  {Peromyscus  sp.)  and 
hispid  cotton  rats  {Sigmodon  hispidus).  These  captures  were  noted  and 
the  animals  were  released  unmarked. 

Plant  sampling.— To  characterize  each  site,  a  survey  of  plant  species 
found  adjacent  to  the  drift  fence  arrays  was  conducted.  This  was  done 
by  estimating  coverage  in  each  of  ten  randomly  selected  1  m^  quadrats 
at  each  site.  Quadrat  locations  were  determined  by  using  the  center  of 
the  drift  fence  array  as  an  origin  and  by  generating  random  compass 
directions  (0  -  360°)  and  distances  (0  -  50  m)  using  a  random  number 
generator. 

For  each  quadrat  a  visual  estimate  was  made  of  the  overall  percent 
cover  of  live  grasses,  dead  vegetation,  and  live  forbs.  Percent  cover 
was  then  estimated  for  the  five  most  dominant  species  of  grass  and  the 
five  most  dominant  species  of  forbs  (where  dominance  was  assessed  in 
terms  of  cover).  Grass  species  were  identified  using  the  keys  provided 
by  Gould  (1975)  while  forbs  were  identified  using  Ajilvsgi  (1984), 
McGregor  &  Barkley  (1986)  and  Hatch  &  Pluhar  (1993). 

Results 

Herpetological  data.—^htn  recaptures  were  excluded,  a  total  of  60 
individuals  representing  12  species  (11  species  of  snakes  and  one  species 
of  lizard)  were  represented  in  the  data  (Table  1).  An  evaluation  of  the 
chronological  sequence  of  captures  indicated  that  individuals  were  cap¬ 
tured  at  a  relatively  constant  rate  throughout  the  study  period.  How- 
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Table  1.  Number  of  individuals  of  each  species  captured  at  each  study  site  (recaptures 
excluded). 


Species 

Dogtown 

Friendship 

Liberty  Grove 

Total 

Agkistrodon  piscivorus  leucostoma 

9 

4 

1 

14 

Lampropeltis  getulus  holbrooki 

3 

0 

1 

4 

Ophisaurus  attenuatus  attenuatus 

3 

0 

0 

3 

Coluber  constrictor  flaviventris 

2 

4 

7 

13 

Lampropeltis  calligaster  calligaster 

1 

3 

1 

5 

Heterodon  platyrhinos 

1 

1 

1 

3 

Elaphe  obsoleta  lindheimeri 

1 

0 

4 

5 

Thamnophis  proximus  proximus 

1 

0 

1 

2 

Masticophis  flagellum  flagellum 

1 

0 

0 

1 

Thamnophis  sirtalis  annectans 

0 

6 

2 

8 

Nerodia  erythrogaster  transversa 

0 

1 

0 

1 

Agkistrodon  contortrix  contortrix 

0 

0 

1 

1 

Total  Individuals 

22 

19 

19 

60 

Total  Species 

9 

6 

9 

12 

ever,  10  of  the  12  species  represented  in  the  data  (83.3%)  were  captured 
within  the  first  22  days  of  the  94  day  study,  suggesting  that  the  sampling 
effort  was  sufficient  to  document  most  of  the  species  present  at  the  sites. 

When  captures  at  all  three  sites  were  considered  together  (Table  1), 
the  three  most  abundant  species  were  the  western  cottonmouth  (23  %  of 
all  captures),  the  eastern  yellow-bellied  racer  {Coluber  constrictor 
flaviventris)  (22%  of  all  captures),  and  the  Texas  garter  snake 
{Thamnophis  sirtalis  annectans)  (13%  of  all  captures).  These  three 
species  accounted  for  58%  of  all  individuals  captured  during  the  survey. 
Most  of  the  remaining  nine  species  were  present  at  intermediate  abun¬ 
dances;  however,  three  species,  the  eastern  coach  whip  {Masticophis 
flagellum  flagellum),  the  blotched  watersnake  {Nerodia  erythrogaster 
transversa)  and  the  southern  copperhead  were  represented  by  only  a 
single  individual. 

There  were  no  significant  differences  in  the  total  number  of 
individuals  captured  at  each  site  (Goodness  of  Fit  Test,  =  0.30,  df 
=  2,  P  >  0.90).  Nine  species  were  captured  at  both  the  Dogtown  and 
Liberty  Grove  sites  while  six  species  were  captured  at  the  Friendship 
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Table  2.  Grass  species  observed  at  each  study  site.  Numbers  indicate  mean  percent  cover 
±  standard  deviation. 


Grass  Species 

Dogtown 

Friendship 

Liberty 

Grove 

Andropogon  virginicus 

32.7 

+  27.8 

41.1  ±  33.3 

20.6  ±11.5 

Dicanthelium  sp. 

17.4 

+ 

19.1 

5.5  ±  9.0 

* 

Car  ex  (sp.  a) 

4.0 

± 

2.6 

* 

* 

Setaria  geniculata 

2.1 

± 

6.3 

12.8  ±  18.6 

0.2  ±  0.6 

Sporobolus  asper 

1.6 

± 

4.4 

* 

* 

Andropogon  ternarius 

1.5 

± 

4.7 

* 

* 

Eragrostis  intermedia 

0.6 

± 

1.6 

* 

* 

Aristida  longispica 

0.4 

± 

1.0 

* 

* 

Car  ex  (sp.  b) 

0.3 

± 

0.5 

1.5  ±  4.7 

* 

Coelorachis  cylindrica 

0.2 

± 

0.6 

* 

* 

Tridens  flavus 

0.2 

± 

0.6 

* 

* 

Digitaria  sanguinalis 

0.2 

± 

0.4 

* 

* 

Paspalum  floridanum 

0.1 

± 

0.3 

* 

* 

Aristida  oligantha 

0.1 

± 

0.3 

* 

* 

Bothriochloa  saccharoides 

0.1 

± 

0.3 

* 

* 

Panicum  Mans 

* 

9.6  ±  24.8 

* 

Unknown  Grass 

* 

1.5  ±  4.7 

3.0  ±  3.5 

Agrostis  Memalis 

* 

1.1  ±  3.1 

* 

Cynodon  dactylon 

* 

0.9  ±  1.5 

* 

site.  Thus,  there  were  also  no  significant  differences  between  sites  in 
the  total  number  of  species  captured  (Goodness  of  Fit  Test,  =  0.75, 
df=2,P  =  0.75). 


There  were  differences  among  sites  in  the  relative  dominance  of 
particular  species.  The  Dogtown  site  was  dominated  by  western  cotton- 
mouths,  which  accounted  for  49%  of  the  individuals  captured  there.  At 
Liberty  Grove  the  dominant  species  was  the  yellow-bellied  racer,  which 
accounted  for  37%  of  the  captures  at  that  site.  A  Fisher’s  Exact  test 
confirmed  that  the  relative  abundances  of  these  two  species  differed 
among  the  two  sites  {P  =  0.0048).  The  Friendship  site  seemed  to  have 
the  most  even  distribution  of  species  abundances.  At  this  site  the  most 
frequently  captured  species,  the  Texas  garter  snake,  accounted  for  about 
32%  of  the  captures  and  its  abundance  was  closely  followed  by  that  of 
western  cottonmouths,  eastern  yellow-bellied  racers  and  prairie  king- 
snakes  (Lampropeltis  calligaster  calligaster) . 
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Table  3.  Species  of  forbs  observed  at  each  study  site.  Numbers  indicate  mean  percent  cover 
±  standard  deviation. 


Forb  Species 

Dogtown 

Friendship 

Liberty 

Grove 

Croton  texensis 

8.7  ±  14.2 

* 

Artemisia  sp. 

7.8  ±  24.3 

2.1  + 

6.3 

* 

Ambrosia  psilostachya 

7.3  ±  13.4 

0.2  + 

0.4 

* 

Rubus  sp. 

6.9  ±  21.8 

0.1  ± 

0.3 

0.5  +  1.6 

Trifolium  sp. 

2.5  ±  6.2 

0.6  + 

0.7 

* 

Neptunia  lutea 

0.8  ±  1.5 

* 

* 

Unknown  Forb  sp.  a 

0.3  +  0.7 

0.2  ± 

0.4 

3.6  +  3.8 

Aster  ericoides 

0.1  ±  0.3 

* 

0.3  ±  0.9 

Asclepias  viridis 

0.1  ±  0.3 

* 

* 

Eupatorium  serotinum 

* 

1.1  ± 

3.1 

14.3  +  12.6 

Solidago  sp. 

* 

* 

2.5  ±  5.0 

Sida  sp. 

* 

* 

0.1  ±  0.3 

Verbena  sp. 

* 

* 

3.9  ±  6.3 

Agalinis  purpurea 

* 

* 

1.1  ±  3.1 

Vegetation  data.—Tht  dominant  species  of  grass  at  all  three  sites  was 
broomsedge  bluestem  (Table  2)  and  the  percent  cover  provided  by  this 
species  did  not  differ  significantly  among  sites  (Kruskal-Wallis  Test, 
Approximation,  =  0.1.71,  =  2,  P  =  0.425).  The  three  sites  did 

differ  in  the  number  of  species  of  grass  encountered  (Kruskal-Wallis 
Test,  Approximation,  X^  =  8.00,  df  =  2,  P  <  0.025).  Fifteen 
species  of  grass  occurred  at  the  Dogtown  site,  nine  species  of  grass  were 
found  at  the  Friendship  site,  and  only  three  species  of  grass  were 
encountered  at  the  Liberty  Grove  site. 

The  dominant  forbs  differed  among  sites  (Table  3).  The  Dogtown 
site  was  dominated  by  sheep  weed  {Croton  texensis),  the  Friendship  site 
by  ragweed  {Ambrosia  psilostachya)  and  the  Liberty  Grove  site  by  late 
flowering  boneset.  The  three  sites  did  not  differ  in  the  number  of 
species  of  forbs  (Kruskal-Wallis  Test,  X^  Approximation,  X^  =  0.608, 
df=2,P>  0.100). 

The  overall  cover  provided  by  live  grasses,  dead  vegetation,  and  forbs 
also  differed  among  sites  (Table  4;  Kruskal-Wallis  Tests,  X^  Approxi¬ 
mation;  Live  Grasses,  X^  ~  16.63,  df  =  2,  P  =  0.0002;  Dead  Vegeta¬ 
tion,  X"  =  15.23,  df=2,P  =  0.0005;  Forbs,  X“  =  14.10,  df  =  2,  P 
=  0.0009).  Almost  three-quarters  of  the  cover  at  the  Friendship  site 
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Table  4.  Percent  coverage  of  grasses  and  forbs  observed  at  each  site.  Numbers  indicate 
mean  percent  cover  +  standard  deviation. 


Dogtown 

Friendship 

Liberty 

Grove 

Live  Grass 

51.2  ±  24.0 

72.3  ±  10.4 

24.2  ±  11.1 

Dead  Grass 

19.3  +  16.3 

24.3  ±  8.9 

49.6  ±  15.3 

Forbs 

29.6  ±  26.2 

3.5  ±  6.5 

26.2  ±  12.4 

was  in  the  form  of  live  grasses.  At  the  Liberty  Grove  site  about  half  of 
the  cover  was  in  the  form  of  dead  vegetation  while  the  remaining  cover 
was  about  equally  distributed  among  live  grasses  and  forbs.  About  half 
of  the  coverage  at  the  Dogtown  site  was  live  grass,  but  an  additional 
29.6%  of  the  cover  was  in  the  form  of  forbs. 

Potential  prey  species. — Three  varieties  of  small  mammals  and  two 
species  of  anurans  were  regularly  caught  in  the  funnel  traps.  Small 
mammal  captures  were  stratified  into  those  greater  than  50  g  (hispid 
cotton  rats)  and  those  less  than  50  g  (fulvous  harvest  mice,  Peromyscus 
sp.).  Anurans,  which  included  Woodhouse’s  toads  and  southern  leopard 
frogs,  were  considered  as  a  single  prey  category.  The  distribution  of 
these  captures  is  shown  in  Table  5.  In  general,  more  of  these  potential 
prey  species  were  captured  at  the  Liberty  Grove  site  than  at  the  Dog- 
town  site.  Mammals  weighing  less  than  50  g  were  most  abundant  at  the 
Friendship  site  and  least  abundant  at  the  Dogtown  site.  Mammals 
greater  than  50  g  were  most  abundant  at  the  Liberty  Grove  site  and  least 
abundant  at  the  Dogtown  site.  Anurans  were  most  abundant  at  the  Dog¬ 
town  site  and  least  abundant  at  the  Liberty  Grove  site.  These  differ¬ 
ences  were  statistically  significant  (3  by  3  Contingency  Table;  = 
151.75,  df=  4,  P  =  0.0001). 

Discussion 

The  selected  method  of  capture  utilized  in  this  study  provided  relative 
abundance  data  for  12  species  of  reptiles.  However,  smaller  species 
such  as  prairie  ringneck  snakes  {Diadolphis  punctatus  amyi),  rough 
earth  snakes  {Virginia  striatula),  and  Texas  brown  snakes  (Storeria 
dekayi  texana)  which  were  observed  near  the  capture  sites  were  not 
represented  in  the  sample.  Use  of  a  mesh  size  smaller  than  0.6  cm  in 
the  drift  fences  and  funnel  traps  would  have  significantly  increased  the 
likelihood  of  capture  for  these  and  other  species,  since  small  reptiles 
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Table  5.  Number  of  individuals  of  each  type  of  potential  prey  species  captured  at  each  study 
site. 


Prey  Type 

Dogtown 

Friendship 

Liberty 

Grove 

Mammals  <  50  g 

5 

34 

14 

Mammals  >  50  g 

14 

65 

103 

Anurans 

42 

10 

1 

Total 

61 

109 

118 

were  capable,  and  even  observed,  to  pass  through  the  0.6  cm  mesh. 
Likewise,  had  a  smaller  mesh  size  been  used,  more  individuals  of  the 
species  represented  in  the  data,  in  the  form  of  hatchlings  and  small 
juveniles,  would  have  been  captured.  The  advantages  and  disadvantages 
associated  with  the  use  of  funnel  traps  and  drift  fences  are  described  in 
detail  by  Fitch  (1992).  Given  the  constraints  inherent  to  this  study,  data 
was  evaluated  within  the  context  of  the  ecology  of  the  adult  and  subadult 
populations  of  the  species  surveyed. 

None  of  the  species  encountered  in  this  study  were  unexpected,  since 
they  have  previously  been  documented  either  in  or  near  Delta  County 
(Dixon  1987).  However,  the  herpetofauna  of  Delta  County  has  been 
poorly  documented.  Thus,  while  speckled  kingsnakes  (Lamp rope Itis 
getulus  holbrooki),  eastern  hognosed  snakes  (Heterodon  platyrhinos), 
western  slender  glass  lizards  (Ophisaurus  attenuatus  attenuatus),  eastern 
coach  whip  snakes,  blotched  watersnakes,  western  ribbon  snakes 
(Thamnophis  proximus  proximus),  Texas  garter  snakes  and  southern 
copperheads  were  observed  during  this  study,  there  are  no  official 
records  for  these  species  in  Delta  County  (based  on  Dixon  1987  and 
distribution  records  cited  in  Herpetological  Review  from  1985  to  1998). 

According  to  Schmidly  et  al.  (1993),  the  fauna  of  the  Blackland 
Prairies  consists  of  a  mixture  of  species  with  affinities  to  the  eastern 
woodlands,  central  plains,  southwestern  deserts,  and  southeastern  coastal 
plains.  However,  relative  to  herpetological  fauna,  60%  of  Blackland 
species  have  faunal  affinities  in  the  eastern  forests.  At  the  species  level, 
all  twelve  of  the  species  captured  during  this  survey  have  distributions 
that  extend  well  east  of  the  Blackland  Prairies.  However,  four  of  the 
subspecies  captured,  the  prairie  kingsnake,  the  Texas  garter  snake,  the 
eastern  yellow-bellied  racer  and  the  blotched  water  snake  are  western 
subspecies,  and  could  be  considered  as  typical  of  plains  and  prairies.  In 
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particular,  the  garter  snake,  the  racer,  and  the  watersnake  subspecies 
captured  in  this  study  are  at  the  eastern  limits  of  their  geographic 
distributions  (Dixon  1987).  Categorized  in  this  way,  67%  of  the  species 
and  subspecies  captured  in  this  study  have  eastern  wood-land  affinities, 
a  figure  similar  to  that  cited  by  Schmidly  et  al.  (1993). 

Three  species  that  were  anticipated  but  were  not  observed  in  this 
study  included  the  plains  rat  snake  (Elaphe  guttata  emoryi),  the  dusty 
hognosed  snake  (Heterodon  nasicus  gloydi),  and  the  bullsnake  {Pitouphis 
melanoleucus  sayi),  since  Delta  County  lies  within  the  geographic  limits 
of  all  three  (Tennant  1985;  Dixon  1987).  However,  these  species  seem 
to  prefer  dry,  sandy  or  rocky  prairies  (Tennant  1984;  Conant  &  Collins 
1991)  and  the  poorly  drained  clay  soils  found  on  the  sites  selected  for 
this  study  may  have  precluded  the  occurrence  of  these  species. 

Although  similar  numbers  of  individual  reptiles  were  captured  at  each 
site,  the  sites  differed  considerably  in  the  number  and  types  of  species 
present.  This  was  evident  in  terms  of  the  dominant  species  at  each  site 
and  in  the  types  of  species  present  at  each  site.  These  differences  were 
somewhat  surprising  given  that  the  three  sites  were  all  in  the  same  local 
area  and  represented  the  same  general  habitat  type.  However  there  were 
significant  differences  in  vegetation,  particularly  with  respect  to  grass 
diversity  and  the  dominant  types  of  cover.  These  differences  could 
correspond  to  differences  in  the  type  and  distribution  of  microhabitats 
among  sites.  Thus,  some  of  the  differences  among  sites  in  the  types  and 
numbers  of  reptiles  captured  might  be  attributable  to  the  observed 
differences  in  vegetation.  For  example,  the  Friendship  site  had  a 
slightly  lower  number  of  reptile  species.  This  site  also  appeared  to  be 
the  most  homogeneous  relative  to  vegetation,  being  mostly  covered  by 
grass  and  containing  few  forbs.  Thus,  a  lack  of  microhabitat  diversity 
at  this  site  might  account  for  the  slightly  lower  diversity  of  reptiles 
observed  there.  Similarly,  it  could  be  argued  that  any  number  of  the 
observed  vegetation  parameters  could  be  operating  synergistically  to 
cause  the  observed  differences  among  sites  in  reptile  species 
composition. 

Some  observations  suggest  that  factors  other  than  microhabitat  differ¬ 
ences  were  also  responsible  for  the  differences  in  reptile  species 
observed  among  sites.  The  occurrence  of  some  species  at  some  sites 
might  be  tied  to  the  nature  and  extent  of  surrounding  habitats.  For 
example,  ribbon  snakes,  cottonmouths  and  watersnakes  are  more  typical- 
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ly  associated  with  aquatic  habitats  and  would  not  be  expected  to 
dominate  in  dry  upland  areas.  Thus,  it  was  surprising  that  the  cotton- 
mouth  was  so  common  on  all  study  sites  and  was  even  the  dominant 
species  at  the  Dogtown  site.  Undoubtedly,  the  proximity  of  these  study 
sites  to  Cooper  Lake  facilitated  the  presence  of  this  species.  The 
Dogtown  site,  in  particular,  is  adjacent  to  an  extensive  area  of  riparian 
woods,  much  of  which  is  partially  inundated  either  periodically  or 
intermittently,  and  which  provides  excellent  habitat  for  cottonmouths. 
The  proximity  of  these  woods  to  the  Dogtown  site  likely  makes  the 
Dogtown  site  more  prone  to  incursions  by  cottonmouths. 

The  abundance  of  prey  items  may  also  affect  reptile  distributions 
(Seigel  &  Collins  1993).  The  most  common  prey  item  reported  for 
western  cottonmouths  are  anurans  (Tennant  1984;  Ernst  &  Barbour 
1989).  This  may  also  help  explain  why  cottonmouths  were  so  common 
at  the  Dogtown  site  where  anurans  were  most  abundant  and  why  cotton¬ 
mouths  were  least  common  at  the  Liberty  Grove  site  where  anurans 
were  least  frequent.  Similarly,  prairie  kingsnakes,  which  prefer  small 
mammals  (Tennant  1984),  were  most  frequent  at  the  Friendship  site 
where  the  most  small  mammals  (<  50  g)  were  captured,  while  the 
larger  Texas  rat  snake  (Flap he  obsoleta  lindheimeri) ,  which  also  prefers 
warm-blooded  prey  (Tennant  1984;  Ernst  &  Barbour  1989),  was  most 
common  at  the  Liberty  Grove  site  where  the  larger  small  mammals  ( > 
50g)  were  most  abundant. 

These  data  show  that  reptile  assemblages  on  former  tail-grass  prairie 
sites  can  vary  considerably,  but  the  data  do  not  allow  an  adequate  inter¬ 
pretation  of  these  variations  relative  to  microhabitat,  prey  availability  or 
surrounding  habitat.  However,  the  fact  that  variations  of  this  sort  exist 
among  local  communities  in  similar  habitats  suggests  that  a  variety  of 
ecological  processes  are  operating  collectively  to  promote  these  varia¬ 
tions.  Existing  knowledge  of  vegetation  on  the  Blackland  Prairies  indi¬ 
cate  that,  at  the  landscape  level,  the  Blackland  Prairie  is  a  complex 
mosaic  of  unique  communities  influenced  by  a  dynamic  interplay  of 
disturbance  factors,  soil,  and  moisture  regimes  (Diamond  &  Smeins 
1993).  The  results  of  this  study  suggest  that  the  herpetological  com¬ 
munities  on  the  Blackland  Prairies  might  reflect  a  similar  complexity. 
For  meaningful  ecological  restoration  of  tail-grass  prairie  ecosystems,  it 
is  imperative  that  restoration  ecologists  consider  surrounding  unmanaged 
ecosystems  and  the  effects  of  management  practices  on  potential  prey 
populations  and  ecological  heterogeneity  as  they,  in  turn,  affect  herpeto- 
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logical  assemblages.  This  study,  in  addition  to  providing  a  baseline 
indicator  of  northern  Blackland  Prairie  herpetological  fauna,  also 
reinforces  the  need  for  further,  more  comprehensive  survey  research, 
with  emphasis  on  both  local  and  landscape  level  ecological  processes. 
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Abstract.— Understory  woody  vegetation  in  red-cockaded  woodpecker  nesting  clusters 
located  in  Pinus  taeda  (L.)  and  P.  echinata  (Mill.)  dominated  stands  were  inventoried  from 
December  1986  through  January  1987  and  later  in  January  1995  to  determine  what  effects 
court-ordered  management  schemes  had  on  the  composition,  abundance,  and  diversity  of 
these  stands.  There  was  a  significant  difference  (/’<0.001)  in  the  composition  between  the 
first  sampling  period  and  the  second  with  species  diversity  increasing  and  a  change  from  a 
P.  taeda/P.  echinata  dominated  community  to  a  P.  taeda/Rubus  spp.  understory. 

Resumen.— La  vegetacidn  lenosa,  bajo  el  docel  de  bosque,  localizada  en  areas  dominadas 
por  Pinus  taeda  (L.)  y  P.  echinata  (Mill.),  y  en  donde  se  pueden  encontrar  grupos  de  nidos 
del  pajaro  carpintero  rojo,  fue  cuantificada  desde  diciembre  del  1986  hasta  enero  del  1987 
y  posteriormente  en  enero  del  1995.  El  objective  fue  detectar  los  efectos  que  tienen  los 
esquemas  ordenados  de  manejo  sobre  la  composicion,  abundancia  y  diversidad  de  estos 
grupos  de  vegetacidn.  Hubo  una  significante  diferencia  (P<0.(X)1)  en  la  composicion  de 
especies  entre  el  primer  periodo  de  muestra  y  el  segundo,  con  un  incremento  en  la  diversidad 
de  especies.  Este  cambio  de  una  comunidad  dominada  por  P.  taeda/P.  echinata  a  una 
comunidad  dominada  por  P.  taeda/Rubus  spp.  bajo  el  docel  del  bosque. 


The  red-cockaded  woodpecker  (Picoides  borealis)  was  federally  listed 
as  an  endangered  species  in  1970  (USF&WS  1970).  Originally,  the 
species  exhibited  a  wide  distribution  in  the  mature  pine  forest  of  the 
Southeast,  ranging  from  New  Jersey  to  Texas,  and  along  the  Atlantic 
and  Gulf  Coastal  Plain  and  inland  as  far  as  Missouri  and  Kentucky 
(Hooper  et  al.  1980).  The  species’  endangered  status  is  a  result  of  loss 
and  fragmentation  of  habitat  (Hooper  et  al.  1980;  Lennartz  et  al.  1983; 
Conner  &  Rudolph  1991).  Though  populations  are  widespread,  most 
(about  90%)  are  too  isolated  and  small  to  be  genetically  viable  (Lennartz 
et  al.  1983),  and  are  therefore  highly  susceptible  to  extirpation  over 
time. 

Forest  management  to  aid  in  the  recovery  of  the  red-cockaded  wood¬ 
pecker  is  the  subject  of  great  controversy  in  Texas  and  throughout  the 
South.  Biological  and  popular  environmental  advocacy  groups  alike 
have  criticized  industrial-style  clearcutting  and  short  rotation  forestry  as 
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contributing  to  the  decline  of  the  red-cockaded  woodpecker  (USF&WS 
1985;  Conner  &  Rudolph  1989).  Lawsuits  filed  against  the  U.  S.  Forest 
Service  in  1985  by  the  Sierra  Club,  Texas  Committee  On  Natural  Re¬ 
sources  and  The  Wilderness  Society,  alleged  Forest  Service  culpability 
in  declining  red-cockaded  woodpecker  numbers  in  Texas.  On  17  June 
1988,  the  U.S.  District  Court  for  Eastern  Texas  found  for  the  plaintiffs 
and  issued  a  permanent  injunction  against  the  Forest  Service  which 
required,  among  other  things,  thinning  timber  stands,  road  closure,  and 
midstory  control. 

Court-ordered  intensive  manipulations  of  red-cockaded  woodpecker 
habitat  have  been  rigorously  applied  since  1988.  Data  are  now  available 
to  evaluate  the  environmental  effects  of  the  court  orders.  The  purposes 
of  this  study  were  to  compare  1987  base-line  data  for  understory  woody 
vegetation  to  1995  vegetation  data  and  to  determine  the  effects  of  man¬ 
dated  intensive  management  on  under  story  woody  vegetation. 

Methods 

Under  story  woody  vegetation  in  seven  Pinus  taedalP.  echinata  stands 
(Mann  1980:  SAF  cover  type  80)  with  red-cockaded  woodpecker  nesting 
clusters  in  the  northern  Angelina  National  Forest  were  inventoried  from 
December  1986  through  January  1987  using  the  line  intercept  method 
(Smith  1966).  Transects  one  chain  (66  ft  =  20.12  m)  in  length  were 
randomly  located  with  a  cavity  tree  that  approximated  the  center  of  the 
nesting  cluster.  After  the  transects  had  been  inventoried,  locations  were 
recorded.  Accurate  documentation  of  the  original  line  intercept  transect 
locations  in  1986  and  1987  (hereafter,  1987  data)  allowed  the  lines  to  be 
relocated  and  inventoried  again  in  January  1995.  Line  intercepts  data 
were  used  to  calculate  the  importance  value  of  each  species,  which  were 
the  sums  of  relative  frequency,  relative  density,  and  relative  dominance. 
Nomenclature  follows  Vines  (1960). 

Diversity  was  measured  by  using  Fisher’s  alpha  diversity  index 
(Fisher  et  al.  1943).  The  index  is  calculated  by  solution  of  the  equation: 

Sj  =  aloge(l+N/a) 

where: 

Sj  =  total  number  of  species 

N  =  number  of  individuals. 

Fisher’s  alpha  was  used  because  it  exhibits  low  sensitivity  to  sample  size 
(Kempton  &  Taylor  1974;  Magurran  1988),  good  discriminate  ability 
(Kempton  Wedderburn  1978;  Taylor  1978),  great  robustness  (Magurran 
1988)  and  demonstrated  suitability  in  a  variety  of  ecological  applications 
(South  wood  1978). 
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Table  1.  Relative  frequency,  relative  density,  relative  dominance  and  importance  values  for 
woody  understory  vegetation  in  1987  in  red-cockaded  woodpecker  nesting  clusters  from 
northern  Angelina  National  Forest. 


Species 

Relative 

Frequency 

Relative 

Density 

Relative 

Dominance 

Importance 
Value  (IV) 

Pinus  taeda 

14.00 

35.90 

33.79 

83.69 

Pinus  echinata 

10.67 

16.59 

15.61 

42.87 

Cornus  florida 

4.00 

3.86 

11.05 

18.91 

Liquidambar  styraciflua 

6.67 

4.31 

6.52 

17.50 

Quercus  falcata 

8.00 

3.86 

5.44 

17.30 

Crataegus  crus-galli 

7.33 

4.32 

1.25 

12.90 

Gelsemium  sempervirens 

5.33 

6.82 

0.02 

12.17 

Quercus  nigra 

2.66 

1.14 

7.71 

11.51 

Rub  us  spp. 

4.66 

4.31 

2.47 

11.44 

Myrica  cerifera 

5.33 

3.18 

0.07 

8.58 

Ilex  vomitoria 

4.00 

2.05 

1.75 

7.80 

Quercus  alba 

1.33 

0.45 

5.84 

7.62 

Crataegus  marshallii 

4.00 

2.50 

0.78 

7.28 

Carya  texana 

3.33 

1.59 

1.40 

6.32 

Quercus  stellata 

2.66 

1.59 

1.48 

5.73 

Smilax  rotundifolia 

2.66 

1.13 

<0.01 

3.79 

Others 

13.29 

6.32 

4.85 

24.46 

Totals 

99.92 

99.92 

100.03 

299.87 

Other  species  in  descending  order  of  importance  value  (IV):  Viburnum  dentatum  (3.20), 
Rhus  copallina  (2.89),  Rhus  glabra  (2.59),  Acer  rubrum  (2.59),  Callicarpa  americana 
(2.54),  Lonicera  japonica  (2.47),  Baccharis  halimifolia  (2.08),  Vitis  rontundifolia  (2.01), 
Smilax  lanceolata  (1.78),  Carpinus  caroliniana  (1.24)  and  Carya  cordiformis  (1.07). 


Similarity  in  understory  woody  vegetation  composition  between  the 
two  sampling  periods  was  calculated  by  using  Sorensen’s  index  of 
similarity  [IS]  (Sorensen  1948): 

IS  =  100(2C/(A+B)) 
where: 

C  =  Number  of  species  common  to  the  two  sample  periods 
A  =  Total  number  of  species  in  sample  period  one 
B  =  Total  number  of  species  in  sample  period  two. 

Differences  in  species  composition  between  sample  periods  was 
determined  by  a  test  (Sokal  &  Rohlf  1981). 

Results  and  Discussion 

In  the  1987  samples,  the  understory  woody  vegetation  was  dominated 
by  P.  taeda  with  P.  echinata  as  the  sub-dominant  species;  together  they 
made  up  42.2%  of  the  combined  importance  values  (Table  1).  In  the 
1995  inventory,  P.  taeda  remained  the  most  important  species  but  its 
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Table  2.  Relative  frequency,  relative  density,  relative  dominance  and  importance  values  for 
woody  understory  vegetation  in  1995  in  red-cockaded  woodpecker  nesting  clusters  from 
northern  Angelina  National  Forest. 


Species 

Relative 

Frequency 

Relative 

Density 

Relative 

Dominance 

Importance 
Value  (IV) 

Pinus  taeda 

8.62 

18.81 

20.96 

48.39 

Rubus  spp. 

9.09 

14.57 

11.15 

34.81 

Pinus  echinata 

7.27 

10.18 

11.49 

28.94 

Liquidambar  styraciflua 

6.32 

5.09 

8.37 

19.78 

Quercus  falcata 

5.91 

6.08 

7.27 

19.26 

Gelsemium  sempervirens 

5.91 

8.20 

3.22 

17.33 

Myrica  cerifera 

4.09 

5.80 

6.00 

15.89 

Cornus  florida 

1.82 

2.26 

7.76 

11.84 

Callicarpa  americana 

6.36 

2.40 

1.97 

10.73 

Quercus  stellata 

3.64 

2.82 

3.32 

9.78 

Smilax  rotundifolia 

4.55 

2.82 

1.77 

9.14 

Quercus  nigra 

4.09 

1.98 

2.33 

8.40 

Quercus  phellos 

3.18 

2.26 

2.76 

8.20 

Vaccinium  stamineum 

3.64 

1.84 

1.58 

7.06 

Rhus  copallina 

1.82 

1.69 

1.83 

5.34 

Acer  rubrum 

2.27 

1.41 

1.57 

5.25 

Others 

21.32 

11.70 

6.35 

39.37 

Totals 

99.90 

99.91 

99.70 

299.51 

Other  species  in  decending  order  of  importance  value  (IV):  Crataegus  crus-galli  (5.21), 
Rhus  glabra  (4.73),  Vaccinium  arboreum  {4.66),Lonicera japonica  (4.23),  Smilax  lanceolata 
(3.84),  Cary  a  texana  (2.54),  Baccharis  halimifolia  (2.40),  Vitis  rotundifolia  (1.93),  Carpinus 
caroliniana  (1.75),  Nyssa  sylvatica  (1.41),  Ilex  vomitoria  (1.41),  Crataegus  marshallii  ( 1 . 40) , 
Carya  cordiformis  (0.97),  Quercus  alba  (0.79),  Ulmus  alata  (0.76),  Prunus  serotina  (0.67) 
and  Ulmus  americana  (0.67). 


importance  value  decreased  from  83.7  to  48.4.  Rubus  spp.  replaced  P. 
echinata  as  the  second  most  important  species  (Table  2). 

The  total  number  of  individuals  in  the  under  story  woody  vegetation 
in  P,  taeda/P.  echinata  stands  with  red-cockaded  woodpecker  nesting 
clusters  increased  from  440  to  707  (31.3%)  from  1987  to  1995.  Seven¬ 
teen  species  increased  numerically  from  1987  to  1995  and  eight  species 
decreased,  including  P.  taeda  and  P.  echinata  which  are  the  species 
used  by  red-cockaded  woodpeckers  for  nesting  in  these  stands.  One 
species  recorded  in  the  first  sampling  period,  Viburnum  dentatum  (L.), 
was  not  observed  in  the  second.  Seven  new  species  were  observed  in 
1995,  including  Nyssa  sylvatica  (Marsh.),  Prunus  serotina  (Ehrh.), 
Quercus  phellos  (L.),  Ulmus  alata  (Michx.),  U.  americana  (L.), 
Vaccinium  stamineum  (L.)  and  Vaccinium  arboreum  (L.).  Smilax 
rotundifolia  (Michx.)  did  not  change  from  1987  to  1995.  Total  number 
of  species  increased  from  27  in  1987  to  33  in  1995.  Twenty-six  species 
appeared  common  in  both  samplings.  Species  that  increased  or 
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Table  3.  Species  composition  change  from  1987  to  1995  in  red-cockaded  woodpecker 
nesting  clusters  from  northern  Angelina  National  Forest.  Increase  or  decrease  in  number 
of  individuals  on  line  transects  is  shown  in  parenthesis. 


Increaser  Species 

Decreaser  Species 

Acer  rubrum  (  +  7) 

Carya  texana  (-3) 

Baccharis  halimifolia  (  +  5) 

Cornus  florida  (-1) 

Callicarpa  americana  (+14) 

Crataegus  crus-galli  (-6) 

Carpinus  caroliniana  (  +  1) 

Crataegus  marshallii  (-9) 

Carya  cordiformis  (  +  i) 

Ilex  vomitoria  (-7) 

Gelsemium  sempervirens  (  +  28) 

Pinus  echinata  (-1) 

Liquidambar  styraciflua)  ( + 17) 

Pinus  taeda  (-25) 

Lone  era  japonica  (  +  5) 

Myrica  cerifera  (  +  27) 

Quercus  falcata  (  +  26) 

Quercus  nigra  (  +  9) 

Quercus  stellata  (  +  13) 

Rhus  copallina  (  +  9) 

Rhus  glabra  ( +  6) 

Rubus  spp.  ( +  84) 

Smilax  lanceolata  (  +  6) 

Vitis  rotundifolia  (  +15) 

Quercus  alba  (-1) 

decreased  in  number  are  shown  in  Table  3.  Woody  plant  diversity 
increased  from  a  Fisher’s  alpha  value  of  6.348  in  1987  to  1  All  in 
1995. 

Sorensen’s  index  of  similarity  indicated  a  high  degree  of  similarity 
(86.7)  in  floral  content  between  the  two  sampling  periods.  However, 
analysis  of  the  total  data  set  indicated  there  was  a  significant  change  in 
the  composition  of  the  understory  woody  vegetation  in  the  northern 
Angelina  National  Forest  with  red-cockaded  woodpecker  nesting  clusters 
from  1987  to  1995  (x'=  185.24, J/=33,P<0.001). 

Court-ordered  attempts  to  superimpose  a  savanna  on  a  habitat  of  an 
ecosystem  naturally  composed  of  pine-hardwood  canopies  which  may 
have  dense  understories,  seem  incongruous.  Red-cockaded  woodpeckers 
have  existed  in  areas  dominated  by  mixed  stands  for  many  years  (Kalisz 
&  Boettcher  1991).  This  is  especially  true  in  Texas  (Conner  &  Rudolph 
1989).  Mixed  stands  are  within  the  historical  range  of  variability  on 
these  sites  and  should  be  managed  as  such.  Another  concern  addressed 
in  the  existing  court  order  was  the  loss  of  potential  nesting  tree 
recruitment.  The  species  increasing  in  number  under  the  court  order  are 
mast  producers  and  browse  species  (Table  3),  which  may  ultimately 
create  a  habitat  more  suitable  for  species  such  as  white-tailed  deer 
{Odocoileus  virginianus) . 

Based  on  these  data,  the  goals  of  the  red-cockaded  woodpecker 
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recovery  plan  will  probably  not  be  met  unless  the  substantial  hardwood 
component,  most  notably  the  increased  Quercus  spp.  of  the  understory, 
is  controlled  in  a  manner  more  consistent  with  the  native  forest  type. 
These  data  also  underscore  the  point  that  courts  are  not  the  place  to 
make  natural  resource  management  decisions. 
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Abstract. — Using  northern  bobwhite  {Colinus  virginianus)  and  scaled  quail  {Callipepla 
squamata)  breeding  success  and  abundance  data  from  Texas,  1976  -  1991,  the  following 
hypotheses  were  tested:  (1)  breeding  season  rainfall  affects  breeding  success  and  abundance 
of  northern  bobwhite  and  scaled  quail;  (2)  scaled  quail  are  more  drought-tolerant  than 
northern  bobwhite;  (3)  breeding  success  of  scaled  quail  is  more  variable  than  northern 
bobwhite;  and  (4)  scaled  quail  have  more  stable  populations  than  northern  bobwhite. 
Regional  differences  in  breeding  season  rainfall  affected  northern  bobwhite,  but  not  scaled 
quail  breeding  success.  Additionally,  regional  differences  in  breeding  season  rainfall  affected 
abundance  of  both  species.  However,  annual  differences  in  rainfall  did  not  affect  the 
abundance  or  breeding  success  of  either  species.  Abundance  and  breeding  success  data 
support  the  hypothesis  that  scaled  quail  are  more  drought-tolerant  than  northern  bobwhite. 
The  findings  of  this  study  support  the  hypothesis  that  scaled  quail  breeding  success  is  more 
variable  than  that  of  northern  bobwhite,  at  least  in  the  dryer  portions  of  Texas.  The  analyses 
also  support  the  hypothesis  that  scaled  quail  have  more  stable  populations  than  northern 
bobwhite. 


Populations  of  many  gallinaceous  birds,  including  northern  bobwhite 
{Colinus  virginianus)  and  scaled  quail  {Callipepla  squamata),  show 
extreme  variation  in  densities  regionally  and  from  year-to-year  (Speake 
&  Haugen  1960;  Schemnitz  1961;  1964;  Campbell  1968;  Campbell  et 
al.  1973;  Roseberry  &  Klimstra  1984).  Regional  differences  in 
abundance  and  periodic  "booms  and  busts"  exhibited  by  quail  popula¬ 
tions  appear  to  be  due  to  differences  in  reproductive  success  (Campbell 
et  al.  1973;  Lehmann  1984;  Roseberry  &  Klimstra  1984).  Guthery  et 
al.  (1988),  Giuliano  &  Lutz  (1993)  and  Giuliano  (1995)  have  suggested 
that  rainfall  or  drought  during  the  breeding  season  influences  abundance 
and  reproductive  success  of  both  northern  bobwhite  and  scaled  quail. 
Research  with  captive  northern  bobwhite  (Koerth  &  Guthery  1991; 
Giuliano  1995)  and  scaled  quail  (Giuliano  1995)  has  shown  that  simu¬ 
lated  drought  conditions  (i.e.,  water  deprivation)  cause  reproductive 
failures.  One  of  the  few  studies  to  directly  compare  the  effects  of 
rainfall  or  drought  on  wild  northern  bobwhite  and  scaled  quail  abun- 
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dance  suggested  that  the  abundance  of  northern  bobwhite,  but  not  of 
scaled  quail  was  affected  by  breeding  season  precipitation  (Giuliano  & 
Lutz  1993).  Comparative  research  on  northern  bobwhite  and  scaled 
quail  suggests  that  these  two  species  respond  differently  to  simulated 
drought  conditions  in  captivity,  with  scaled  quail  needing  less  water  to 
successfully  reproduce  than  northern  bobwhite  (Giuliano  1995). 
Additionally,  Schemnitz  (1964)  suggested  that  scaled  quail  were  more 
drought- tolerant  than  northern  bobwhite. 

Using  captive  birds,  Giuliano  (1995)  suggested  that  compared  with 
northern  bobwhite,  scaled  quail  allocate  more  resources  to  body 
maintenance  (and  presumably  survival)  and  less  to  reproduction,  both 
under  normal  breeding  conditions  and  in  response  to  simulated  drought 
(i.e. ,  water  deprivation).  He  also  found  that  scaled  quail  took  an  "all  or 
nothing"  approach  to  reproduction  (Giuliano  1995).  Under  simulated 
drought  conditions,  scaled  quail  reproduction  was  almost  nonexistent 
while  northern  bobwhite  continued  to  produce  as  many  eggs  as  physio¬ 
logically  possible.  This  resulted  in  less  variability  in  the  reproductive 
output  of  northern  bobwhite.  Giuliano  (1995)  speculated  that  responding 
in  this  way  to  drought  would  lead  to  greater  stability  of  scaled  quail 
populations  compared  with  northern  bobwhite.  However,  no  compara¬ 
tive  field  data  are  available  to  support  this  hypothesis. 

The  purpose  of  this  study  was  to  quantitatively  test,  using  field  data, 
the  following  hypotheses  derived  from  research  with  captive  quail:  (1) 
breeding  season  rainfall  affects  breeding  success  and  abundance  of 
northern  bobwhite  and  scaled  quail;  (2)  scaled  quail  are  more  drought- 
tolerant  than  northern  bobwhite;  (3)  breeding  success  of  scaled  quail  is 
more  variable  than  northern  bobwhite;  and  (4)  scaled  quail  have  more 
stable  populations  than  northern  bobwhite. 

Materials  and  Methods 

Northern  bobwhite  and  scaled  quail  abundance  and  breeding  success 
(number  of  juveniles/number  of  adults;  Bergerud  1988)  were  calculated 
from  229  randomly  located  roadside  counts  (each  33.3  km  in  length) 
which  were  conducted  annually  by  Texas  Parks  and  Wildlife  personnel 
between  15  July  and  15  August,  1976-1991.  Roadside  counts  were  con¬ 
ducted  under  similar  conditions  on  the  same  routes  each  year.  When 
possible,  the  same  people  conducted  the  counts.  However,  due  to 
personnel  changes  over  the  15  year  collection  period,  data  from  some 
routes  were  collected  by  more  than  one  person.  Because  all  data  were 
collected  by  trained  personnel  using  the  same  procedures,  it  is  unlikely 
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that  this  biased  the  results. 

Within  years,  quail  abundance  and  breeding  success  were  averaged 
across  counts  within  the  Trans-Pecos,  Edwards  Plateau,  and  South 
Central  regions  to  document  year-to-year  trends.  Data  from  these 
regions  were  used  because  they  represent  regions  with  high  (South 
Central),  median  (Edwards  Plateau),  and  low  (Trans-Pecos)  breeding 
season  precipitation  and  contained  populations  of  both  quail  species. 
Breeding  season  was  defined  as  April-August  for  northern  bobwhite 
(Lehmann  1984;  Giuliano  1995)  and  May-October  for  scaled  quail 
(Campbell  et  al.  1973;  Giuliano  1995).  The  South  Central  region 
received  35.3  and  28.1  cm,  Edwards  Plateau  region  26.3  and  21.6  cm, 
and  Trans-Pecos  region  14. 1  and  12.2  cm  of  breeding  season  rainfall  for 
northern  bobwhite  and  scaled  quail,  respectively  (U.S.  EDS  1976-1991). 
Additionally,  abundance  and  breeding  success  were  averaged  over  all 
years  within  each  of  the  10  physiographic  regions  of  Texas  (East  Texas, 
Edwards  Plateau,  High  Plains,  Lower  Rolling  Plains,  Lower  Valley, 
North  Central,  South  Central,  Southern,  Trans- Pecos,  and  Upper  Coast; 
U.S.  EDS  1976).  Monthly  rainfall  data  for  each  region  were  obtained 
from  NOAA  weather  stations  within  each  area,  1976  to  1991  (U.S.  EDS 
1976-1991).  These  data  were  summed  to  obtain  breeding  season  totals 
for  the  regions  each  year. 

To  test  the  hypothesis  that  breeding  season  rainfall  affects  breeding 
success  of  northern  bobwhite  and  scaled  quail,  curvilinear  regression 
analyses  were  used  to  determine  relationships  between  breeding  success 
and  rainfall.  For  each  species,  regression  analyses  were  conducted  for 
breeding  success  versus  year-to-year  differences  in  breeding  season 
rainfall  for  the  three  regions,  and  for  mean  (1976-1991)  breeding  suc¬ 
cess  versus  mean  breeding  season  rainfall  among  each  of  the  10  regions 
of  Texas. 

Regression  analyses  were  also  used  to  test  the  hypothesis  that 
breeding  season  rainfall  affects  abundance  of  northern  bobwhite  and 
scaled  quail.  For  each  species,  curvilinear  regression  was  used  to 
determine  the  relationship  between  proportional  change  in  abundance 
[(N2-Ni)/N2]  and  breeding  season  rainfall  for  each  of  the  three  regions 
studied.  Mean  abundance  versus  mean  breeding  season  rainfall  was  also 
regressed  among  each  of  the  10  regions  of  Texas.  All  regression  models 
were  fit  by  adding  higher  powers  (i.e.,  X,  ...  X")  of  the  inde¬ 

pendent  variable  (i.e. ,  rainfall)  to  the  model  until  additional  variables  did 
not  significantly  improve  the  model  (P  <  0.10  needed  to  enter  the 
model;  Sokal  &  Rohlf  1981;  SYSTAT  1992). 
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Table  1.  Relationships  (r)  between  year-to-year  breeding  season  rainfall  and  breeding 
success  and  proportional  change  in  abundance  of  northern  bobwhite  and  scaled  quail  in 
regions  of  Texas  with  high  (South  Central),  median  (Edwards  Plateau),  and  low 
(Trans-Pecos)  amounts  of  breeding  season  rainfall,  1976-1991. 


Northern  Bobwhite  Scaled  Quail 


Region 

Variable 

r 

P 

r 

P 

South  Central 

Breeding  success 
Abundance 

0.139 

-0.274 

0.622 

0.323 

-0.315 

-0.332 

0.294 

0.227 

Edwards  Plateau 

Breeding  success 
Abundance 

-0.016 

-0.188 

0.676 

0.954 

-0.115 

-0.275 

0.683 

0.320 

Trans-Pecos 

Breeding  success 
Abundance 

0.064 

0.061 

0.836 

0.830 

0.180 

-0.186 

0.520 

0.506 

Based  on  the  findings  of  Giuliano  (1995)  and  Schemnitz  (1964), 
scaled  quail  were  expected  to  be  more  drought-tolerant  and  better 
adapted  to  low  water  availability  than  northern  bobwhite.  By  comparing 
the  magnitude  and  significance  of  the  correlation  coefficients  from  the 
forementioned  regression  analyses  for  each  species,  scaled  quail  were 
examined  to  determine  if  they  were  more  dr  ought- tolerant  and  better 
adapted  to  low  water  availability  than  northern  bobwhite. 

Because  scaled  quail  forego  reproduction  during  drought  in  favor  of 
maintenance,  but  northern  bobwhite  try  to  reproduce  as  much  as  physio¬ 
logically  possible  (Giuliano  1995),  scaled  quail  breeding  success  was 
expected  to  be  more  variable  than  northern  bobwhite.  This  was  tested 
using  an  F  test  on  the  variances  (Sokal  &  Rohlf  1981)  in  breeding 
success  among  years  for  the  two  species,  for  the  three  regions. 

Giuliano  (1995)  also  predicted  that  scaled  quail  would  have  more 
stable  populations  than  northern  bobwhite  because  of  their  life-history. 
This  prediction  was  tested  using  an  F  test  on  the  variances  (Sokal  & 
Rohlf  1981)  in  quail  abundance  among  years  for  the  two  species,  for  the 
three  regions. 

Results 

For  each  of  the  three  regions  studied,  breeding  season  rainfall  did  not 
affect  northern  bobwhite  and  scaled  quail  breeding  success  or  propor¬ 
tional  change  in  abundance  on  a  year-to-year  basis  (Table  1).  However, 
among  regions,  breeding  season  rainfall  affected  northern  bobwhite  but 
not  scaled  quail  breeding  success  (Fig.  1).  Additionally,  among  regions, 
breeding  season  rainfall  affected  both  northern  bobwhite  and  scaled  quail 
abundance  (Fig.  2). 
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Figure  1 .  Relationships  among  physiographic  regions  between  breeding  season  rainfall  and 
breeding  success  (number  of  juveniles/number  of  adults)  of  northern  bobwhite  and  scaled 
quail  in  Texas,  1976  -  1991.  Physiographic  regions  of  Texas  include:  East  Texas  (ET), 
Edwards  Plateau  (EP),  High  Plains  (HP),  Lower  Rolling  Plains  (LR),  Lower  Valley  (LV), 
North  Central  (NC),  South  Central  (SC),  Southern  (SO),  Trans-Pecos  (TP),  and  Upper 
Coast  (UC).  Regression  models  were  fit  by  adding  higher  powers  (X,  X  ,  X^  ...X") 
of  the  independent  variable  (i.e.,  rainfall)  to  the  model  until  additional  variables  did  not 
significantly  improve  the  model  (P  <  0.100  needed  to  enter  the  model).  Regression 
equation  for  northern  bobwhite  was  Y  =  -1.69  +  0.40X  -  0.02X^;  and  for  scaled  quail 
was  Y  =  -0.25  -H  0.21X. 
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Northern  Bobwhite 
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Figure  2.  Relationships  among  physiographic  regions  between  breeding  season  rainfall  and 
abundance  (number  of  quail/ roadside  km  surveyed)  of  northern  bobwhite  and  scaled  quail 
in  Texas,  1976  -  1991.  Physiographic  regions  of  Texas  include:  East  Texas  (ET), 
Edwards  Plateau  (EP),  High  Plains  (HP),  Lower  Rolling  Plains  (LR),  Lower  Valley  (LV), 
North  Central  (NC),  South  Central  (SC),  Southern  (SO),  Trans-Pecos  (TP),  and  Upper 
Coast  (UC).  Regression  models  were  fit  by  adding  higher  powers  (X,  X  ,  X^,  ...X") 
of  the  independent  variable  (i.e.,  rainfall)  to  the  model  until  additional  variables  did  not 
significantly  improve  the  model  (P  <  0.100  needed  to  enter  the  model).  Regression 
equation  for  northern  bobwhite  was  Y  =  -44.18  -I-  11.82X  -  0.51X^;  and  for  scaled 
quail  was  Y  =  32.92  -  5.33X  +  0.21XL 
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Table  2.  Variance  in  breeding  success  and  abundance  of  northern  bobwhite  and  scaled  quail 
in  regions  of  Texas  with  high  (South  Central),  median  (Edwards  Plateau),  and  low 
(Trans-Pecos)  amounts  of  breeding  season  rainfall,  1976-1991. 


Region 

Breeding  Success 

Abundance 

Northern 

Bobwhite 

Scaled 

Quail 

P 

Northern 

Bobwhite 

Scaled 

Quail 

P 

South  Central 

0.66 

0.49 

0.251 

60.2 

8.9 

<0.001 

Edwards  Plateau 

2.30 

9.32 

0.004 

34.8 

3.2 

<0.001 

Trans-Pecos 

0.02 

0.39 

<0.001 

lA 

63.4 

<0.001 

Variability  in  breeding  success  did  not  differ  between  species  in  the 
South  Central  region.  However,  it  was  higher  in  scaled  quail  than  in 
northern  bobwhite  in  the  Edwards  Plateau  and  Trans- Pecos  regions 
(Table  2).  In  the  South  Central  and  Edwards  Plateau  regions,  variability 
in  abundance  was  higher  in  northern  bobwhite  than  in  scaled  quail.  In 
the  Trans-Pecos  region,  variability  in  northern  bobwhite  abundance  was 
less  than  in  scaled  quail  (Table  2). 

Discussion  ^ 

The  results  of  this  study  support  the  hypotheses  that  breeding  season 
rainfall  affects  northern  bobwhite  breeding  success  and  abundance,  at 
least  among  regions.  Contrary  to  the  findings  of  Speake  &  Haugen 
(1960),  but  consistent  with  the  findings  of  Guthery  et  al.  (1988), 
differences  in  regional  northern  bobwhite  breeding  success  were  cor¬ 
related  with  amounts  of  breeding  season  rainfall.  The  finding  that 
year-to-year  changes  in  breeding  season  rainfall  did  not  affect  northern 
bobwhite  breeding  success  and  abundance  was  inconsistent  with  past 
research  (Roseberry  &  Klimstra  1984;  Giuliano  &  Lutz  1993;  Giuliano 
1995).  It  is  possible  that  the  data  collection  methods  lacked  the 
precision  and  accuracy  necessary  to  detect  significant  year-to-year 
relationships,  as  correlation  coefficients  for  breeding  success  and 
abundance  versus  rainfall  were  moderately  large  (Figs.  1  and  2). 

The  hypothesis  that  amounts  of  breeding  season  rainfall  affect  scaled 
quail  breeding  success  was  not  supported  by  the  results  of  this  study. 
However,  the  results  did  support  the  hypothesis  that  breeding  season 
rainfall  affects  scaled  quail  abundance,  at  least  among  regions.  Past 
research  by  Giuliano  &  Lutz  (1993)  and  Schemnitz  (1961;  1964)  sug¬ 
gested  that  scaled  quail  were  unaffected  by  breeding  season  drought, 
whereas  other  research  (Wallmo  1956;  Wallmo  &  Uzzell  1958; 
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Campbell  1968;  Campbell  et  al.  1973;  Giuliano  1995)  suggested  that 
breeding  season  rainfall  does  have  an  effect  on  breeding  success  and 
abundance  of  this  species.  The  finding  that  northern  bob  white,  but  not 
scaled  quail  breeding  success  was  influenced  by  rainfall  supports 
Schemnitz’s  (1964)  and  Giuliano’s  (1995)  contention  that  scaled  quail 
are  better  adapted  to' drought  conditions  than  northern  bobwhite. 

During  periods  of  drought  or  low  water  availability,  Giuliano  (1995) 
found  that  captive  scaled  quail  forego  reproduction  while  northern 
bobwhite  continue  to  reproduce  as  much  as  physiologically  possible.  It 
was  hypothesized  that  the  breeding  success  of  scaled  quail  would  be 
more  variable  than  that  of  northern  bobwhite  as  a  consequence  under 
field  conditions.  Data  from  the  dryer  regions  of  the  study  (i.e., 
Edwards  Plateau  and  Trans-Pecos)  support  this  hypothesis. 

By  not  reproducing  during  periods  of  drought  and  allocating  more 
resources  to  maintenance,  Giuliano  (1995)  proposed  that  scaled  quail  had 
a  more  K-selected  life-history  than  northern  bobwhite  and  would  have 
more  stable  populations.  The  data  support  this  hypothesis,  finding  that 
in  two  out  of  three  regions  studied,  scaled  quail  populations  were  less 
variable  than  populations  of  northern  bobwhite.  The  Trans-Pecos  region 
was  the  only  region  where  scaled  quail  populations  were  more  variable 
than  populations  of  northern  bobwhite.  The  low  variability  in  northern 
bobwhite  abundance  in  the  Trans-Pecos  region  may  have  been  due  to  the 
consistently  low  levels  of  northern  bobwhite  abundance  in  this  region 
[1.72  ±  0.33  quail/km  (mean  +  SE),  compared  with  8.52  +  0.64  and 
16.62  ±  2.00  for  the  Edwards  Plateau  and  South  Central  regions, 
respectively] . 

In  summary  and  conclusion,  this  study  suggests  that  breeding  season 
rainfall  affects  northern  bobwhite  and  scaled  quail  differently,  with 
scaled  quail  being  more  drought- tolerant  than  northern  bobwhite.  In 
Texas,  scaled  quail  breeding  success  was  unaffected  by  amounts  of  rain¬ 
fall,  while  increasing  rainfall  negatively  influenced  abundance.  Texas 
is  located  on  the  relatively  wet,  eastern  edge  of  the  scaled  quail’s  range 
(Johnsgard  1973)  and  probably  receives  more  than  enough  rainfall  for 
scaled  quail  to  successfully  survive  and  breed  (Giuliano  &  Lutz  1993), 
thus  explaining  the  lack  of  correlation  between  rainfall  and  breeding 
success  in  this  study.  The  inverse  relationship  between  rainfall  and 
abundance  suggests  that  increased  rainfall  was  detrimental  to  scaled 
quail,  possibly  due  to  its  effects  on  habitat  (Giuliano  &  Lutz  1993). 


GIULIANO,  LUTZ  &  PATINO 


239 


Conversely,  Texas  is  on  the  relatively  dry,  western  edge  of  the  northern 
bobwhites  range  (Johnsgard  1973)  and  breeding  season  rainfall  was 
important  to  the  breeding  success  and  abundance  of  this  species,  at  least 
among  regions.  The  establishment  of  permanent  water  sources  such  as 
ponds  or  habitats  that  support  succulent  foods  including  invertebrates 
(Giuliano  et  al.  1995)  may  have  the  potential  to  positively  impact  popu¬ 
lations  of  quail  (particularly  northern  bobwhite)  by  providing  additional 
sources  of  water. 
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A  CHECKLIST  OF  BENTHIC  MARINE  MACRO  ALGAE 
FROM  THE  CORPUS  CHRISTI  BAY  AREA 

Roy  L.  Lehman 

Center  for  Coastal  Studies,  Department  of  Physical  and  Life  Sciences 
Texas  A&M  University-Corpus  Christi,  6300  Ocean  Drive 
Corpus  Christi,  Texas  78412 

Abstract. — Twenty-four  additional  species  of  marine  macroalgae  are  reported  from  the 
Corpus  Christi  Bay  area  of  Texas.  A  revised  checklist  increases  the  total  number  of  species 
from  88  to  112,  with  a  distribution  of  66  Rhodophyta,  15  Phaeophyta  and  31  Chlorophyta. 
Major  taxonomic  rearrangements  (17),  name  changes  (38)  and  author  revisions  (15)  are  also 
given.  This  current  list  includes  taxonomic  synonyms,  references,  habitat  descriptions,  bay 
system  locations  and  the  relative  abundance  of  each  taxon  of  macroalgae  from  the  area. 


The  marine  macroalgae  are  a  critical  element  in  biological 
communities  in  the  estuaries  and  gulf  waters  of  Texas.  However,  the 
marine  macroalgal  flora  of  Texas  is  among  the  least  studied  in  the 
United  States  and  for  many  of  the  state’s  coastal  areas,  there  is  little 
information  on  these  important  plants  (Kaldy  et  al.  1995).  The  last  major 
collection  and  evaluation  of  the  seaweeds  within  the  south  Texas  coastal 
area  was  that  of  Edwards  (1969)  which  included  88  species. 

A  checklist  of  macroalgal  species  was  assembled  from  a  survey  of 
both  peer  and  non-peer  reviewed  scientific  literature  that  covers  the 
region  from  Rockport,  Texas  southward  to  the  Land  Cut  at  the  terminus 
of  the  upper  Laguna  Madre  (Lehman  &  Wood  1996).  The  taxonomic 
list  is  based  primarily  on  Wynne  (1986).  A  total  of  112  species  (67 
Rhodophyta,  15  Phaeophyta  and  30  Chlorophyta)  were  described.  Of 
these,  there  were  47  identified  synonyms  or  misidentifications  (42%). 

A  1998  revision  of  Wynne’s  checklist  has  resulted  in  significant 
changes  in  macroalgal  taxonomy  for  the  region.  The  following  checklist 
conforms  to  the  taxonomic  arrangement  and  names  incorporated 
primarily  by  Wynne  (1998).  Schneider  &  Searles  (1991)  and  Taylor 
(1960)  were  referenced  when  species  were  encountered  that  were 
uncommon  to  the  tropical  and  subtropical  western  Atlantic.  Revisions 
to  the  list  have  not  altered  the  total  number  of  species  (112),  however, 
the  distribution  is  slightly  different  (66  Rhodophyta,  15  Phaeophyta  and 
31  Chlorophyta)  and  major  taxonomic  rearrangements  (17),  name 
changes  (38),  and  author  revisions  (15)  are  shown.  The  checklist 
includes  taxonomic  synonyms,  references,  habitat  descriptions,  bay 
system  locations  and  relative  abundance  of  the  macroalgae. 
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The  following  is  a  listing  of  the  benthic  marine  macroalgal  species 
from  the  Corpus  Christi  Bay  area  of  Texas: 


SPECIES 

REFERENCE 

HAB/SYS/ABUN 

DIVISION  RHODOPHYTA 

CLASS  RHODOPHYCEAE 

SUBCLASS  BANGIOPHYCIDAE 

ORDER  PORPHYRIDALES 
PORPHYRBDIACEAE 

Chroodactylon  ornatum  (C.  Agardh)  Basson 
[Asterocytis  ramosa] 

Edwards  (1976) 

eph/RB/R 

Stylonema  alsidii  (Zanardini)  K.M.  Drew 
[Goniotrichum  alsidii] 

Edwards  (1976) 

Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 

eph/GMJ,AB,RB/C 

hs/GMJ/* 

*/GMJ,AB,RB,CB/* 

ORDER  ERYTHROPELITDALES 
ERYTHROTRICfflACEAE 

t  Erythrotrichia  carnea  (Dillwyn)  J.  Agardh 

Edwards  (1976) 

Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 

eph/GMJ,AB,RB/C 

hs/GMJ/* 

*/GMJ,RB,AB/* 

Sahlingia  subintegra  (Rosenv.)  Kornmann 
[Erythrocladia  subintegra] 

Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 

eph/GMJ,AB,RB/C 

eph/GMJ/* 

hs/GMJ/* 

*/GMJ,AB,CB/* 

ORDER  BANGIALES 

BANGIACEAE 

Bangia  atropurpurea  (Roth)  C.  Agardh 
(fuscopurpurea  ] 

Edwards  (1976) 

Edwards  &  Kapraun  (1973) 

eph/GMJ/C 

*/GMJ/* 

Porphyra  leucosticta  Thur.  in  LeJolis 

Edwards  (1976) 

Edwards  &  Kapraun  (1973) 

eph/GMJ/C 

*/GMJ/* 

SUBCLASS  FLORIDEOPHYCIDAE 

ORDER  ACROCHAETIALES 
ACROCHAETIACEAE 

Acrochaetium  flexuosum  Vickers 
[Audouinella  flexuosum] 

Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 

eph/GMJ,AB/C 

eph/GMJ/* 

hs/GMJ/* 

*/GMJ,CB,AB/* 

Citations  for  Acronyms  -  Hab/Sys/Abun  =  Habitat/System/Abundance. 


Habitat 

System 

Relative  Abundance 

dft 

adrift  in  bays 

AB 

Aransas  Bay 

A 

Abundant 

eph 

epiphytic 

BBLM 

Baffin  Bay-Laguna  Madre 

C 

Com-mon 

hs 

hard  shore 

CB 

Copano  Bay 

U 

Uncommon 

int 

intertidal 

GMJ 

Gulf  of  Mexico  Jetty 

R 

Rare 

or 

oyster  reef 

RB 

Red  fish  Bay 

gom,plg 

pelagic 

CO 

Cayo  del  Oso 

sub 

subtidal 

LM 

Upper  Laguna  Madre 

*  Data  not  reported  f  Represents  first  record  of  species  for  Corpus  Christi  Bay 
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Acrochaetium  hoytii  (Collins) 

[Audouinella  hoytii] 

Edwards  (1976) 

Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 

eph/GMJ/C 

hs/GMJ/* 

*/GMJ* 

Acrochaetium  hypneae  Borgesen 
'  [seriatum] 

Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 

eph/GMJ/C 

eph/AB/* 

hs/GMJ/* 

*/GMJ/* 

Acrochaetium  microscopicum 
(Nageli  ex  Kiitz.)  Nageli 
[Audouinella  crassipes] 

[Acrochaetium  trifilum] 

Edwards  (1976) 

Kapraun  (1980) 

eph/GMJ/C 

hs/GMJ/* 

Acrochaetium  secundatum  (Lyngb.)  Nageli 
[virgatulum] 

Edwards  (1976) 

Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 

eph/RB/C 

hs/GMJ/* 

*/GMJ/* 

ORDER  CORALLINALES 
CORALLEVACEAE 

SUBFAMILY  MASTOPHOROIDEAE 

Hydrolithon  farinosum  (J.V.  Lamour.) 
Penrose  &  Y.M.  Chamb. 

[Fosliella  farinosa] 

Humm  &  Hildebrand  (1962) 

eph/AB/* 

Pneophyllum  fragile  Kiitz 
[Heteroderma  lejolisii] 

Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Edwards  &  Kapraun  (1973) 

eph/RB/C 

eph/GMJ,AB/* 

*/RB/* 

SUBFAMILY  CORALLINOIDEAE 

Haliptilon  cubense  (Mont,  ex  Kiitz.)  Garbary 
&  H.W.  Johans 
[Corallina  cubensis] 

Edwards  (1976) 

Edwards  &  Kapraun  (1973) 

hs,  sub/GMJ,RB/C 

*/GMJ,AB/* 

Haliptilon  subulatum  (J.  Ellis  &  Sol.) 

H.W.  Johans. 

[Corallina  subulata] 

Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 

hs/sub/GMJ/C 

hs/GMJ/* 

hs/GMJ/* 

*/GMJ/* 

Jania  capillacea  Harv. 

Edwards  (1976) 

Cowper  (1978) 

eph/GMJ,RB/R 

dft/RB/* 

SUBFAMILY  LITHOPHYLLOIDEAE 

Lithophyllum  pustulatum 
(J.V.  Lamour.)  Foslie 
[DeTinatolithon  pustulatum] 

Humm  &  Hildebrand  (1962) 

eph/GMJ/* 

ORDER  GELIDIALES 

GELIDIACEAE 

Gelidium  crinale  (Turner)  Gaillon 

Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 
Edwards  (1976) 

hs/GMJ/* 

*/GMJ,AB,RB,CB/* 

hs/AB/C 
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SPECIES 

REFERENCE 

HAB/SYS/ABUN 

t  Gelidium  pusillum  (Stackh.)  Le  Jois 

Edwards  (1976) 

Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 

hs/GMJ,AB,RB/C 

hs/GMJ/* 

*/GMJ,AB,RB,CB/* 

Gelidium  spinosum  (S.  Gmel.)  P.C.  Silva 
[corneum] 

Humm  &  Hildebrand  (1962) 

hs/GMJ,AB/* 

Pterocladia  bartlettii  W.R.  Taylor 

Edwards  (1976) 

Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 

hs/AB/C 

hs/GMJ/* 

*/AB/* 

Pterocladiella  capillacea  (S.G.  Gmel.) 
Santel.  &  Hommers. 

[Pterocladia  capillaceae] 

Edwards  (1976) 

Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 

hs,  int/GMJ/C 
hs/GMJ/* 
*/GMJ,RB/* 

ORDER  GIGARTTNALES 
HYPNEACEAE 

Hypnea  musciformis  (Wulfen  in  Jacqu.) 

J.V.  Lamour. 

Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 
Cowper  (1978) 

hs,  sub/GMJ,AB,RB/C 

hs/GMJ,AB,RB/* 

hs/GMJ/* 

*/GMJ,RB,AB,CB/* 

dft/RB/* 

H.  valentiae  (Turner)  Mont. 

[cornuta] 

Edwards  (1976) 

Edwards  &  Kapraun  (1973) 
Cowper  (1978) 

hs,  sub/GMJ,AB,RB/C 
*/GMJ,AB,RB,CB/* 
dft/RB/* 

SOLIERIACEAE 

Agardhiella  subulata  (C.  Agardh)  Kraft  & 
M.J.  Wynne 

[tenera,  baileyi,  Soliera  tenera] 

Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Edwards  &  Kapraun  (1973) 
Lehman  et  al.  (1996) 

hs,  sub/GMJ/C 
hs/GMJ/* 

*/GMJ/* 

hs,sub/GOM/A 

t  Soliera  filifomiis  (Kiitz.)  P.W.  Gabrielson 

Kapraun  (1980) 

Cowper  (1978) 

hs/GMJ/* 

dft/RB/* 

HALYMENIACEAE 

Grateloupia filicina  (J.V.  Lamour.) 

C.  Agardh 

Edwards  (1976) 

Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 
Cowper  (1978) 

hs,  sub/GMJ,AB,/C 
hs/GMJ/* 
*/GMJ,AB,CB/* 
dft/RB/* 

t  Halymenia  floridana  J.  Agardh 

Humm  &  Hildebrand  (1962) 

hs/GMJ/* 

t  Prionitis  pterocladina  M.J.  Wynne 

Wynne  (1993) 

hs/GMJ/* 

ORDER  GRACILARIALES 
GRACILARIACEAE 

Gracilaria  caudata  J.  Agardh 
[verrucosa] 

Edwards  (1976) 

Edwards  &  Kapraun  (1973) 
Cowper  (1978) 

hs,  sub/RB/C 
*/RB/* 
dft/RB* 
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Gracilaria  tikvahiae  McLachlan 
\foliifera\ 

Edwards  (1976) 

Huinm  8l  Hildebrand  (1962) 
Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 
Cowper  (1978) 

hs,  sub/GMJ,AB,RB/C 
hs/GMJ,AB/* 
hs/GMJ/* 
*/GMJ,AB,RB,CB/* 
dft/RB/* 

Hydropuntia  cornea  (J.  Agardh)  MJ.  Wynne 
[Gracilaria  debilis] 

Edwards  (1976) 

Edwards  &  Kapraun  (1973) 
Cowper  (1978) 

hs,  sub/RB/C 
*/RB/* 
dft/RB/* 

ORDER  RHODYMENIALES 
CHAMPIACEAE 

Champia  parvula  (C.  Agardh)  Harv. 

Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Edwards  &  Kapraun  (1973) 

eph/RB/C 

eph/AB/* 

*/RB/* 

LOMENTARIACEAE 

Lomentaria  bailey  ana  (Harv.)  Farl. 

[uncinata] 

Edwards  (1976) 

Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 
Humm  &  Hildebrand  (1962) 

hs,  sub/GMJ/R 
hs/GMJ/* 
*/GMJ/* 
eph/GMJ/* 

RHODYMENIACEAE 

t  Botryocladia  occidentalis  (Borgesen)  Kylin 

Lehman  et  al.  (1996) 

hs,  sub/GOM/A 

Rhodymenia  pseudopalmata  (J.V.  Lamour.) 
P.C.  Silva 

Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 
Lehman  et  al.  (1996) 

hs,  sub/GMJ/C 
hs/GMJ/C 
hs/GMJ/* 

*/GMJ/* 
hs,  sub/GOM/A 

ORDER  CERAMIALES 
CERAMIACEAE 


Aglaothamnion  halliae  (Collins)  Aponte,  Edwards  (1976) 

D.L.  Ballant  &  J.N.  Norris  Edwards  &  Kapraun  (1973) 

[Callithamnion  byssoides,  C.  pseudobyssoides] 

hs,  eph,  sub/GMJ/C 
*/GMJ,RB/* 

Anotrichium  tenue  (C.  Agardh)  Nageli 
[Giffithsia  tenuis] 

Edwards  (1976) 

Edwards  &  Kapraun  (1973) 

eph/RB/R 

*/RB* 

Centroceras  clavulatum  (C.  Agardh  in  Kunth) 
Mont,  in  Durieu  de  Maisonneuve 

Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 

hs,  sub/GMJ,RB/C 
hs/GMJ,AB,RB/C 
hs/GMJ/* 
*/GMJ,RB/* 

Ceramium  cimbricum  H.E.  Petersen 
in  Rosen V. 

[fasti  gi  at  urn] 

Edwards  (1976)  eph,eph,  sub/GMJ,AB/C 

Kapraun  (1980)  hs/GMJ/* 

Edwards  &  Kapraun  (1973)  */GMJ,AB,CB/* 

C.  deslongchampii  Chauv.  ex  Duby 
[strictum] 

Edwards  (1976) 

Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 

hs,  eph,  sub/GMJ/C 
hs/GMJ/* 
*/GMJ,RB/* 

246 


THE  TEXAS  JOURNAL  OF  SCIENCE-VOL.  51,  NO.  3,  1999 


SPECIES 

REFERENCE 

HAB/SYS/ABUN 

Ceraminum  flaccidum  (Kiitz.)  Ardiss 
[byssoideum] 

Edwards  (1976) 

Edwards  &  Kapraun  (1973) 

eph,  int/GMJ,RB/R 
*/GMJ/* 

t  C.  gracillium  (Griffiths)  Harvey 

Humm  &  Hildebrand  (1962) 

hs/GMJ,AB,RB/* 

Spermothamnion  sp.  a 

Edwards  (1976) 

hs,eph,sub/GMJ/* 

Spemiothamnion  sp.  b 

Kapraun  (1980) 

hs/GMJ/* 

Spermothamnion  sp.  c 

Edwards  &  Kapraun  (1973) 
Huinin  &  Hildebrand  (1962) 

*/GMJ/* 

hs/CB/* 

Spyridia  filamentosa  (Wulfen)  Harv. 
in  Hook. 

Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Edwards  &  Kapraun  (1973) 

hs,  sub/GMJ/C 
hs/CB/* 
*/RB/* 

Spyridia  hypnoides  (Bory  in  Belanger) 
Papenf. 

[aculeata] 

Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Edwards  &  Kapraun  (1973) 

hs,  sub/GMJ/C 
hs/GMJ/* 
*/GMJ/* 

RHODOMELACEAE 

Bryocladia  cuspidata  (J.  Agardh)  De  Toni 

Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 

hs,  int/GMJ/C 
hs,  sub/GMJ/A 
hs/GMJ/* 
*/GMJ/* 

B.  thyrsi gera  (J.  Agardh)  F.  Schmitz 
in  Falkenb. 

Edwards  (1976) 

Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 

hs,  int/GMJC 
hs/GMJ/* 
*/GMJ/* 

Chondria  capillatis  (Huds.)  M.J.  Wynne 
[tenuissima] 

Humm  &  Hildebrand  (1962) 

hs/AB/U 

C.  cnicophylla  (Melville)  De  Toni 

Edwards  (1976) 

Edwards  &  Kapraun  (1973) 

dft/RB/C 

*/RB/* 

C.  dasyphylla  (Woodw.)  C.  Agrdh 

Edwards  (1976) 

Edwards  &  Kapraun  (1973) 

hs,int/GMJ/R 

*/GMJ/* 

t  C.  littoralis  Harv. 

Edwards  (1976) 

Edwards  &  Kapraun  (1973) 

hs/AB/C 
*/AB,  CB/* 

Digenia  simplex  (Wulfen)  C.  Agardh 

Edwards  (1976) 

Edwards  &  Kapraun  (1973) 
Cowjjer  (1978) 

hs,  sub/AB,  RB/C 
*/RB/* 
dft/AB,RB/* 

t  Herposiphonia  secunda  (C.  Agardh) 
Ambronn  f.  secunda 

Humm  &  Hildebrand  (1962) 

hs,  sub/GMJ/* 
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Herposiphonia  secunda  f.  tenella  (C.  Agardh) 
MJ.  Wynne 
[tenella] 

Edwards  (1976) 

Huinm  &  Hildebrand  (1962) 
Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 

hs,  eph,  sub/GMJ/C 
hs/GMJ/* 

hs/GMJ/* 

*/GMJ/* 

t  Laurencia  obtusa  (Hucls.)  J.V.  Lamour. 

Huinm  &  Hildebrand  (1962) 

hs/AB/* 

L.  poiteaui  (J.V.  Lamour.)  M.  Howe 
[poitei] 

Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Edwards  &  Kapraun  (1973) 
Cowper  (1978) 

dft/RB/C 

eph/AB/A 

*/RB/* 

dft/RB/* 

Polysiphonia  atlantica  Kapraun  &  J.N. 

Norris  [macrocarpa] 

Humm  &  Hildebrand  (1962) 
Kapraun  (1980) 

eph/AB/* 

hs/GMJ/* 

P.  boldii  M.J.  Wynne  &  P.  Edwards 

Edwards  (1976) 

Edwards  &  Kapraun  (1973) 

hs/GMJ,AB,RB/C 

*/GMJ,AB,RB,CB/* 

P.  denudata  (Dillwyn)  Grev.  ex  Harv. 
in  Hook. 

Edwards  (1976) 

Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 

hs/GMJ/C 

hs/GMJ/* 

*/GMJ/* 

P.  echinata  Harv. 

Edwards  (1976) 

Edwards  &  Kapraun  (1973) 

hs,  eph/RB/C 
*/RB/* 

P.  gorgoniae  Harv. 

Edwards  (1976) 

Edwards  &  Kapraun  (1973) 

hs,  eph/RB/C 
*/RB/* 

t  P.  hapalacantha  Harv. 

Humm  &  Hildebrand  (1962) 

eph/GMJ,AB/* 

P.  havanensis  Mont. 

Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Edwards  &  Kapraun  (1973) 

hs/AB/C 

eph/GMJ,RB/* 

*/AB,CB/* 

t  P.  ramentacea  Harv. 

Humm  &  Hildebrand  (1962) 

eph/CB/* 

P.  subtilissima  Mont. 

Edwards  (1976) 

Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 

hs/AB/C 

hs/GMJ/* 

*/AB,CB/* 

P.  tepida  Hollenb. 

Edwards  (1976) 

Edwards  &  Kapraun  (1973) 

hs/GMJ,AB/C 

*/GMJ,AB/* 

DIVISION  PHAEOPHYTA 

CLASS  PHAEOPHYCEAE 

ORDER  ECTOCARPALES 
ECTOCARPACEAE 

Bachelotia  antillarumiGmnow .)  Gerloff 
[Pylaiella  antillarum] 

Humm  &  Hildebrand  (1962) 

hs,  eph/GMJ,/* 

Ectocarpus  rallsiae  Vickers 
[Giffordia  rallsiae] 

Edwards  (1976)  hs,  or 

Humm  &  Hildebrand  (1962) 
Edwards  &  Kapraun  (1973) 

,  eph/GMJ, AB,RB/C 
eph/GMJ,AB/* 
*/GMJ,AB,RB,CB/* 
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Ectocarpus  siliculosus  (Dillwyn)  Lyngb.  Edwards  (1976) 

Edwards  &  Kapraun  (1973) 


Feldniannia  indica  (Sond.)  Womersley  &  A.  Edwards  (1976) 

Bailey  Humm  &  Hildebrand  (1962) 

[Giffordia  indica,  G.  duchassaigniana] 


Hincksia  mitchelliae  (Harv.)  P.C,  Silva  Edwards  (1976)  hs, 

[Giffordia  mitchelliae]  Humm  &  Hildebrand  (1962) 

Edwards  &  Kapraun  (1973) 

Streblonema  oligosporum  Stromf.  Edwards  (1976) 

Edwards  &  Kapraun  (1973) 


Streblonema  sp.  a 


Edwards  (1976) 


Streblonema  sp.  b  Edwards  &  Kapraun  (1973) 

ORDER  CHORDARIALES 
CHORD  ARIACEAE 

Cladosiphon  occidentalis  Kylin  Edwards  (1976) 

Edwards  &  Kapraun  (1973) 


ORDER  DICTYOSffHONALES 
STRI  ARIACEAE 

Hummia  onusta  (Kiitz.)  J.  Fiore  Edwards  (1976) 

[Stictyosiphon  subsimplex,  Mytiotrichia  Edwards  &  Kapraun  (1973) 
subcofymbosa] 

ORDER  SCYTOSDPHONALES 
SCYTOSIPHONACEAE 

Petalonia  fascia  (O.  F.  Miill.)  Kuntze  Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Edwards  &  Kapraun  (1973) 


ORDER  DICTYOTALES 
DICTYOTACEAE 

Dictyota  menstrualis  (Hoyt)  Schnetter, 
Hornig,  &  Weber-Peukert 
[dichotoma] 


Padina  gymnospora  (Kiitz.)  Sond. 
[vickersiae] 


Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Kapraun  (1980) 

Cowper  (1978) 

Edwards  &  Kapraun  (1973) 
Lehman  et  al.  (1996) 

Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Kapraun  (1980) 

Cowper  (1978) 

Edwards  &  Kapraun  (1973) 


HAB/SYS/ABUN 


hs,  or,  eph/AB,RB/C 
*/CB,AB/* 

hs,  eph/GMJ/C 
hs,  eph/GMJ,AB/* 


or,  eph/GMJ,AB,RB/C 
eph/COSM/* 
*/GMJ,AB,RB,CB/* 

eph/GMJ,AB/C 

*/GMJ,CB/* 

eph/GMJ,AB/R 

*/GMJ/* 


eph/RB/R 

*/RB/* 


hs,  or,  eph/AB,RB/C 
*/RB,AB,CB/* 


hs,  sub/GMJ/C 
hs/GMJ/* 
*/GMJ/* 


hs,  sub/GMJ,AB,RB/C 
hs,  sub/GMJ,AB/A 
hs/RB/* 
dft/GMJ/* 
*/GMJ,RB,AB/* 
hs,  sub/GOM/A 

hs,  sub/GMJ,AB/C 
hs/GMJ/* 
hs/RB/* 
dft/GMJ/* 
*/GMJ,RB,AB/* 
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ORDER  FUCALES 
SARGASSACEAE 


t  Sargassun  fluitans  (Bergesen)  Bergesen 

Edwards  (1976) 

Humm  &  Hildebrand  (1962) 

gom,plg/GB/C 

gom,plg/GB/A 

t  S.  natans  (L.)  Gaillon 

Edwards  (1976) 

Humm  &  Hildebrand  (1962) 

gom,plg/GB/C 

gom,plg/GB/A 

DIVISION  CHLOROPHYTA 

CLASS  ULVOPHYCEAE 

ORDER  ULOTRICHALES 

ULOTRICHACEAE 

Ulothrix  flacca  (Dillwyn)  Thuret  in  Le  Jolis 

Edwards  (1976) 

Edwards  &  Kapraun  (1973) 

hs,  eph/GMJ/A 
*/GMJ,AB,RB/* 

ULVACEAE 

Enteromorpha  clathrata  (Roth)  Grev. 

Enteromorpha  flexuosa  (Wulfen)  J.  Agardh 

Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Edwards  &  Kapraun  (1973) 
Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Edwards  &  Kapraun  (1973) 
Lehman  et  al.  (1996) 

hs,  int/GMJ,AB,RB/C 
eph/CB,AB,LM/C 
•  */GMJ,CB,RB/* 
hs,  int/GMJ,AB,RB/C 
hs/AB/* 
*/GMJ,AB,RB,CB/* 
hs,  sub/GOM/A 

E.  lingulata  J.  Agardh 

Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 

hs,  sub/GMJ,AB,RB/C 
eph/GMJ,AB/C 
hs/GMJ/* 
*/GMJ,AB,RB,CB/* 

E.  muscoides  (Clemente)  Cremades 
[ramulosa] 

Edwards  (1976) 

Edwards  &  Kapraun  (1973) 

hs,  sub/GMJ,AB/C 
*/GMJ,CB,  KB/* 

E.  prolifera  (0.  F.  MiilL)  J.  Agardh 
[salina] 

Edwards  (1976) 

Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 

hs/GMJ,  AB/R 
hs/GMJ/* 
*/GMJ/* 

Viva  fasciata  Delile 

Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 

hs,  sub/GMJ/C 
hs/GMJ/* 
hs/GMJ/* 
*/GMJ/* 

U.  lactuca  L. 

Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Edwards  &  Kapraun  (1973) 

hs/GMJ,  AB/C 
hs/GMJ,  AB/ A 
*/GMJ,CB/* 

ULVELLACEAE 

Entocladia  viridis  Reinke 

Edwards  (1976) 

Humm  &  Hildebrand  (1962) 

hs,eph/GMJ,AB,RB/R 

hs,eph/CB.AB/C 

t  E.  wittrockii  Wille 

Humm  &  Hildebrand  (1962) 
Edwards  &  Kapraun  (1973) 

hs,eph/CB.AB/C 

*/GMJ,RB,CB/* 
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Ulvella  lens  P.  Crouan  &  H.  Crouan 


Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Edwards  &  Kapraun  (1973) 


ORDER  PHAEOPHILALES 
PHAEOPHILACEAE 

t  Phaeophila  dendroides  (P.  Crouan  & 

H.  Crouan)  Batters 

Humm  &  Hildebrand  (1962) 

ORDER  CLADOPHORALES 
CLADOPHORACEAE 

t  Chaetomorpha  brachygona  Harv. 

Humm  &  Hildebrand  (1962) 

t  C  gracilis  Kiitz. 

Humm  &  Hildebrand  (1962) 

C  linum  (0.  F.  Miill.)  Kiitz. 

Edwards  (1976) 

Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 
Cowper  (1978) 

Cladophora  albida  (Nees)  Kiitz. 

Edwards  (1976) 

Edwards  &  Kapraun  (1973) 

Cladophora  coelothrix  Kiitz. 

[repens] 

Humm  &  Hildebrand  (1962) 

C.  dalniatica  Kiitz. 

Edwards  (1976) 

Kapraun  (1980) 

C  niontagneana  Kiitz. 

[delicatula] 

Edwards  (1976) 

Edwards  &  Kapraun  (1973) 

t  C  prolifera  (Roth)  Kiitz. 

Kapraun  (1980) 

C  ruchingeri  (Agardh)  Kiitz. 

[gracilis] 

Edwards  (1976) 

Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 

C.  sericea  (Huds.)  Kiitz. 

[glaucescens] 

Humm  &  Hildebrand  (1962) 

C.  vagabunda  (L.)  C.  Hoek 
[fascicularis] 

Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Edwards  &  Kapraun  (1973) 

ORDER  BRYOPSIDALES 
BRYOPSIDACEAE 

Bryopsis  hypnoides  ] .V .  Lamour. 

Edwards  (1976) 

Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 

HAB/SYS/ABUN 


eph/AB,RB/A 

eph/GMJ,AB/* 

*/RB/* 


eph/CB/C 


eph/GMJ/* 

*/LM/C 

hs,  int/GMJ,AB,RB/C 
hs/GMJ/* 
*/RB/* 
dft/GMJ,RB/* 

hs,  int/GMJ/C 
*/GMJ/* 


*/BBLM/* 


hs/AB/C 

hs/GMJ/* 

hs,  eph/GMJ,AB,RB/C 
*/GMJ,CB,AB/* 

hs/GMJ/* 

hs,  sub/GMJ/R 
hs/GMJ/* 
*/GMJ/* 

eph/LM/C 


hs,  sub/GMJ,AB,RB/C 
hs,  int,eph/AB,LM/C 
*/GMJ,AB,RB,CB/* 


hs,  sub/GMJ/C 
hs/GMJ/* 
*/GMJ/* 
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t  Bryopsis  pennata  J.V.  Lamour. 
B.  plumosa  (Hucls.)  C.  Agardh 


Derbesia  vaucheriaeformis  (Harv.)  J,  Agardh 


ORDER  DASYCLADALES 
DASYCLADACEAE 

t  Batophora  oerstedii  J.  Agardh 

POLYPHYSACEAE 

Acetabularia  crenulata  J.V,  Lamour. 


t  A.  farlowii  Solms 

t  Acicularia  schenckii  (K.  Mobius)  Solms 
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Humm  &  Hildebrand  (1962) 

hs,  sub/GMJ/A 

Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 

hs,  sub/GMJ/R 
hs,  sub/GMJ/A 
hs/GMJ/* 
*/GMJ/* 

Edwards  (1976) 

Kapraun  (1980) 

Edwards  &  Kapraun  (1973) 

hs,  sub/GMJ/R 
hs/GMJ/* 
*/GMJ/* 

Humm  &  Hildebrand  (1962) 

eph/AB/* 

Edwards  (1976) 

Humm  &  Hildebrand  (1962) 
Edwards  &  Kapraun  (1973) 

hs,  or/AB,RB/C 
eph/LM,AB/C 
*/RB,CB/* 

Lehman  (this  study) 

hs,  eph/BBLM,LM/C 

Humm  &  Hildebrand  (1962) 

eph/AB/* 
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A  COMPARISON  OF  FALSE  POSITIVE  ESCHERICHIA  COLI 
IN  SURFACE  WATERS  USING  TWO  METHODS 
FOR  ENUMERATION 

J.  G.  Montera,  E.  M.  Davis  and  T.  D.  Downs 

The  University  of  Texas -Houston,  School  of  Public  Health 
P.O.  Box  20186,  Houston,  Texas  77225 

Abstract.— Surface  water  samples  were  analyzed  for  comparison  of  the  mEndo  LES  total 
coliform  and  the  FC  fecal  coliform  methods  for  yielding  positive  results  for  Escherichia  coli. 
Marked  differences  were  found  in  the  fluorescence  of  colonies  producing  the  required  blue 
halo  versus  colonies  that  fluoresced  without  the  halo.  Overcrowding  was  found  to  be  an 
inhibition  to  finite  analysis  using  total  coliform  analyses.  No  difference  was  found 
comparing  wastewaters  containing  traces  of  already  treated  domestic  wastewater  and  surface 
waters  from  bayous  or  estuaries. 


Fecal  coliforms  are  the  current  indicator  bacteria  group  of  choice  in 
Texas  for  determining  surface  water  contamination.  This  group  is 
represented  by  the  genera  Escherichia,  Enterobacter ,  Klebsiella  and 
Citrobacter.  Problems  arise  when  the  need  to  know  whether  the  source 
of  the  bacteria  in  water  is  human  fecal  material  or  if  the  bacteria  are  of 
environmental  origin.  To  that  end,  Escherichia  coli  has  been  suggested 
as  a  more  reliable  indicator  of  the  presence  of  fecal  material  in  surface 
waters.  Nevertheless,  there  are  several  strains  of  Escherichia  some  of 
which  apparently  are  of  environmental  origin  (Edberg  1992).  Other 
fecal  coliform  genera  are  known  to  be  environmental,  especially 
Klebsiella  (Bagley  &  Seidler  1977).  Some  Klebsiella  strains  may  not 
show  positive  on  the  standard  membrane  filter  fecal  coliform  test 
(Geldreich  &  Rice  1987)  especially  thermotolerant  Klebsiella,  which 
Caplenas  &  Kanarek  (1984)  reported  as  many  as  84%  were  false  posi¬ 
tive.  Aeromonas  is  another  genera  that  gives  false  positive  fecal 
coliform  readings  (Neilson  1978;  Geldreich  et  al.  1989;  Katamay  1990). 

Recently  developed  methodology  for  enumeration  of  E.  coli  in  water 
uses  a  fluorescence  enzyme  mechanism.  The  medium  contains  4-methyl 
umbelliferyl-B-D-glucuronide  or  "MUG"  with  nutrient  agar  (NA).  How¬ 
ever,  Clark  et  al.  (1991)  reported  that  from  24-34%  of  the  E.  coli 
strains  tested,  using  this  procedure  were  negative.  Also,  Geldreich  et 
al.  (1992)  found  that  all  of  the  fecal  coliform  plates  used  in  tracking  a 
waterborne  outbreak  were  MUG  negative.  The  pathogenic  E.  coli  strain 
0157:47  was  MUG  negative.  Mates  &  Shaffer  (1989)  additionally  found 
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that  as  much  as  9%  of  coliforms  may  be  lactose  negative  E,  coli  and 
evade  being  counted;  yielding  false  negative  results. 

The  research  results  presented  in  this  paper  were  developed  by 
Montera  (1997)  and  were  undertaken  with  several  objectives  in  mind. 
A  comparison  between  the  E.  coli  isolated  from  the  membrane  filter 
method  for  total  coliforms  and  the  E.  coli  isolated  from  fecal  coliform 
tests  was  conducted.  Additionally  a  comparison  was  made  of  false 
positives  (+  -)  true  positive  (+  +)  E.  coli,  false  negative  (-  +)  and 
true  negative  (-  -)  isolated  plate  colonies  from  each  of  the  two  methods. 
For  example  a  -f  +  indicates  that  a  colony  fluoresced  with  a  blue  halo 
and  was  identified  as  E.  coli.  Negatives  refer  to  the  opposite  of  these, 
i.e.,  no  halo  and  not  E.  coli.  Samples  included  those  with  known 
treated  domestic  wastewater  present  in  amounts  less  than  1  %  and  waters 
with  no  known  point  source  discharges  present. 

Materials  and  Methods 

Sixty-six  samples  were  analyzed  for  total  coliforms,  fecal  coliforms 
and  E.  coli  in  each  of  the  total  and  fecal  coliform  tests.  Fecal  strepto¬ 
cocci  and  enterococci  were  also  tested  for  each  sample  but  not  part  of 
the  original  purpose  cited  above.  The  samples  were  obtained  from 
industrial  wastewater  treatment  waste  stabilization  ponds  and  activated 
sludge  treatment  effluent,  both  of  which  had  less  than  0.1%  by  volume 
of  treated  domestic  wastewater  in  them.  Other  samples  came  from  a 
paper  mill  effluent,  bayous,  estuaries,  cooling  tower  blowdown  water 
and  an  unclassified  creek,  all  of  which  contained  no  known  domestic 
wastewater. 

Echerichia  coli  were  measured  by  the  total  coliform  method  (Standard 
Methods  1995)  using  nutrient  agar  with  MUG  as  the  medium  to  which 
the  membrane  filter  was  transferred.  Then  subjected  to  UV  light  to 
determine  colonies  that  fluoresced  with  or  without  the  prescribed  halo. 
The  second  method  for  E.  coli  enumeration  was  to  use  the  standard 
mFC  fecal  coliform  medium  with  transfer  to  NA  4-  MUG  plates  for 
incubation  at  35  ±  0.5 °C  for  four  hours.  Total  coliform  used  the 
mEndo  LES  medium  for  incubation  at  35  ±  0.5 °C.  Fecal  coliforms 
were  incubated  at  44.5  ±  0.2°C.  Filters  from  mEndo  LES  and  mFC 
fecal  coliform  media  were  transferred  to  NA  -f  MUG  plates  for  incuba¬ 
tion.  The  mEndo  LES  apparent  positive  colonies,  were  isolated  and 
cultured  on  nutrient  agar  for  biochemical  testing.  Then  isolates  from 
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Table  1 .  Differentiation  of  apparent  positive  fecal  coliform  and  E.  coli  colonies  using  two 
test  media. 


Media 

Colony 

Appearance 

Colonies 

E.  coli 

Klebsiella 

Others 

UnID 

mFC 

Blue 

19 

5 

6 

6 

2 

mFC 

Blue-gray 

20 

8 

7 

1 

4 

mFC 

Fluoresce,  no  halo 

15 

8 

2 

1 

4 

mFC 

Fluoresce,  halo 

22 

15 

1 

1 

5 

mEndo  LES 

Green  sheen 

21 

1 

7 

8 

5 

mEndo  LES 

Fluoresce,  no  halo 

14 

3 

2 

5 

4 

mEndo  LES 

Fluoresce,  halo 

19 

8 

1 

4 

6 

Total 

— 

130 

— 

— 

— 

— 

both  media  were  analyzed  by  use  of  the  API20E  biochemical  system 
(BioMerieux  Vitek,  Inc.  1993).  The  point  here  is  that  E.  coli  from  total 
coliform  plates  which  showed  typical  green  sheen  appearance  should 
exhibit  a  bright  blue  halo  on  examination  under  UV  light  on  NA  + 
MUG  media.  E.  coli  on  transferred  mFC  fecal  coliform  membrane 
filters  to  NA  -h  MUG  medium  also  should  exhibit  the  blue  halo.  A  total 
of  1 16  of  the  130  colonies  that  were  isolated  were  subjected  to  statistical 
analysis.  The  116  tests  were  matched  and  paired  as  to  total  or  fecal 
coliform  tests,  and  analyzed  by  McNemar’s  two  sample  test  for  matched 
pair  data  (Rosner  1995).  Level  of  significance  was  established  dXa.— 
0.05(x^.l-a=  3.84). 


Results  and  Discussion 

Examination  of  the  data  for  fecal  coliforms  and  E.  coli  positives 
showed  that  there  was  no  obvious  difference  in  the  appearance  of 
colonies  on  plates  regardless  of  the  sample  source.  Similarly,  they 
showed  no  discernable  differences  as  to  source  when  considering 
whether  the  fluorescent  colony  had  a  blue  halo  or  was  devoid  of  a  halo. 

The  most  erratic  source  was  the  paper  mill  effluent.  It  also  had  the 
highest  concentration  of  apparent  E.  coli  and  fecal  coliforms  of  any  of 
the  sample  sources.  No  sewage  was  present  in  that  wastewater.  On  one 
occasion  the  fecal  coliforms  were  6,500/100  mL  with  an  E.  coli  fraction 
of  5,100/100  mL.  These  were  believed  to  be  of  environmental  origin. 

The  principal  summary  of  this  work  has  been  compiled  in  Table  1. 
These  data  show  the  number  of  colonies  that  were  isolated  by  appear¬ 
ance  from  mFC  fecal  coliform  media  and  from  mEndo  LES  total  coli¬ 
form  media  followed  by  API20E  biochemical  identification.  Of  the  39 
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Table  2.  Colony  classification  by  matched  pairs  for  total  coliform  (TC)  and  fecal  coliform 
(FC)  tests  and  McNamar’s  test  results  (Montera  1997). 


FC  +  + 

FC  -  + 

FC  +  - 

FC  -  - 

Total 

TC  +  + 

10 

9 

10 

12 

41 

TC  -  + 

0 

0 

0 

11 

TC  +  - 

10 

3 

6 

8 

27 

TC  -  - 

12 

1 

3 

31 

47 

Total 

32 

13 

19 

52 

116 

(+  +),  x'  =  1.36,  p  =  0.234.  (-  +),  x'  =  9.45,  p  =  0.002.  (+  -),  x'  =  1-65,  p  = 
0.199.  (-  -),  x'  =  0.55,  p  =  0.458 


blue  and  blue-grey  colonies  taken  from  the  mFC  media,  13  were  identi¬ 
fied  as  E.  coli  and  13  were  Klebsiella.  Escherichia  coli  colonies  are 
supposed  to  surely  show  a  fluorescent  halo,  yet  eight  of  15  mFC  colon¬ 
ies  were  E.  coli  with  no  halo  and  15  of  22  were  E.  coli  with  a  halo. 

Colonies  exhibiting  the  green  sheen,  supposedly  E.  coli,  on  mEndo 
LES  media  were  difficult  to  work  with  because  of  overcrowding  by 
other  species.  Similarly  because  of  this  overcrowding,  a  halo  was 
difficult  to  discern  when  the  colony  was  either  positive  fluorescent  or 
not.  Nevertheless,  the  data  in  Table  1  for  mEndo  LES  media  also 
shows  a  much  higher  number  of  "others"  and  isolates  that  could  not  be 
identified  (UnID).  The  "other"  identified  bacteria  that  showed  positive 
on  the  respective  plates  were  Serratia,  Enterobacter,  Pseudomonas , 
Aeromonas,  Citrobacter  and  Salmonella,  as  keyed  with  the  API20E 
biochemical  test  system.  Some  false  negatives  and  unidentified  colonies 
could  have  been  cross  contamination  from  isolating  from  crowded  plates. 
Klebsiella  were  by  far,  the  most  frequently  isolated  false  positive  genus 
from  most  of  the  plates. 

Identification  of  the  bacteria  in  Table  1  were  paired  as  to  similar 
readings  in  the  two  basic  media.  Statistical  analyses  were  then  applied 
to  this  matrix.  The  mutual  pairings  are  presented  in  Table  2  with  the 
results  of  the  statistical  analyses  for  significant  differences.  Forty-seven 
mutual  pairs  were  identified:  reading  from  FC  (-1-  -F)  and  TC  (+  +) 
diagonally  to  FC  (-  -)  and  TC  (-  -).  This  is  an  example  of  how 
statistics  can  perhaps  alter  an  observation  such  as  comparing  counts  in 
Table  1. 

The  analyses  showed  a  significant  difference  between  mFC  and 
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mEndo  LES  media  methods  for  E.  coli  enumeration.  However,  this 
difference  was  only  for  false  negative  (”  +)  results.  The  TC  media 
method  had  one  isolate  whereas  the  mFC  method  had  31  isolates.  This 
suggests  that  the  mEndo  LES  method  has  less  chance  of  giving  false 
negative  results.  Chi-Square  value  shown  for  this  below  Table  2  is  9.45 
(p =0.002).  For  surface  waters  there  appears  to  be  no  significant 
difference.  Except  the  mFC  method  may  inherently  reduce  the  over¬ 
crowding  of  plates  as  occurs  with  the  total  coliform  method.  Therefore, 
the  mFC  fecal  coliform  membrane  filter  transferred  to  a  NA  +  MUG 
plate  may  be  preferred  to  the  other  method.  If  these  methods  should  be 
applied  to  drinking  water  where  a  single  positive  is  the  basis  for  alert, 
then  a  test  for  E.  coli  with  mEndo  LES  may  be  used  if  a  positive  test 
really  means  E.  coli  is  there.  If  negative  results,  meaning  the  suggestion 
that  E.  coli  is  not  there  and  E.  coli  actually  is  not  present,  then  both 
tests  are  comparable.  Another  way  to  evaluate  the  implication  of  these 
results  is  to  consider  surface  water  criteria  for  contact  and  non-contact 
recreation,  where,  for  contact  recreation  a  geometric  mean  fecal 
coliform  count  per  month  should  not  exceed  200/100  mL.  And  if  E. 
coli  is  considered,  these  data  suggest  that  not  all  counts  should  be 
considered  absolute  or  binding. 
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IN  THE  INVESTIGATION  OF  PCB  CONTAMINATION  IN 
DONNA  RESERVOIR,  LOWER  RIO  GRANDE  VALLEY,  TEXAS 
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and  J.  H.  Everitt 

"^Region  15  Water  Program 
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1804  W.  Jefferson,  Harlingen.  Texas  78550  and 
SDA/ARS  Integrated  Farming  and  Natural  Resources  Research  Unit 
2413  East  Highway  83,  Weslaco,  Texas  78596 

Abstract.— Both  high  altitude  aerial  color-infrared  (CIR)  and  low  altitude  vertical  and 
oblique  color  photography  were  utilized  as  part  of  an  ongoing  investigation  of  possible 
polychlorinated  biphenyl  (PCB)  contamination  of  Donna  Reservoir  in  the  Lower  Rio  Grande 
Valley  (LRGV)  of  southern  Texas.  Both  types  of  imagery  proved  useful  in  mapping  and 
inventorying  unauthorized  rural  solid  waste  disposal  sites.  High  altitude  CIR  photography 
provides  good  boundary  definition  and  contrast  between  vegetated  and  sparsely  vegetated 
areas  and  highlights  geographic  anomalies  worthy  of  follow-up  ground  investigation.  Low 
altitude  vertical  and  oblique  digital  color  photography  provides  detailed  horizontal  pixel 
resolution  useful  in  inventorying,  mapping,  planning,  monitoring  and  verification  activities. 
Together,  these  aerial  remote  sensing  photographic  technologies  provide  a  method  for  rapid 
data  capture  and  inventory  of  geographically  isolated  resources  and  human  impacts. 


Polychlorinated  biphenyls  (PCBs)  are  a  group  of  aromatic  compounds 
characterized  by  relatively  high  environmental  persistence  and  toxicity, 
and  are  considered  probable  human  carcinogens  (USEPA  1994a).  PCBs 
were  produced  in  the  United  States  from  1929  to  1977  (Ghirelli  et  al. 
1983)  and  found  widespread  use  in  industrial  and  commercial  applica¬ 
tions,  especially  as  ingredients  in  coolant/insulation  oils  for  transformers, 
capacitors,  refrigerators  and  other  electrical  appliances.  PCBs  bioac¬ 
cumulate  and  biomagnily  in  organisms  in  concentration  factors  up  to  one 
million  to  one  (Smith  et  al.  1987),  take  decades  to  decompose  in  the 
environment,  and  are  heavier  than  and  nearly  insoluble  in  water.  They 
are  highly  soluble  in  lipids  and  readily  adsorb  onto  organic  substances 
and  particulate  matter  (TDH  1993;  USEPA  1994;  1994a).  Recent  data 
(USEPA  1994a)  reveal  that  PCBs  move  through  the  environment  pri¬ 
marily  via  sediment  transfer  within  water  bodies. 

In  1991,  concern  about  a  high  rate  of  infants  born  with  neural  tube 
defects  in  Cameron  County  in  the  Lower  Rio  Grande  Valley  (LRGV)  of 
southern  Texas,  prompted  a  U.S.  Environmental  Protection  Agency 
(USEPA)  contaminant  exposure  study  of  nine  families  residing  in 
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Cameron  and  adjoining  Hidalgo  County  (USEPA  1994).  During  the 
study,  an  extremely  high  concentration  (399  mg/kg)  of  PCBs  was  found 
in  the  fillet  of  a  common  carp  {Cyprinus  carpio)  removed  from  a  freezer 
in  a  Brownsville  home.  This  fish  had  reportedly  been  caught  in  the  11.2 
km  long  Donna  Main  Canal,  which  delivers  water  from  the  Rio  Grande 
to  the  reservoir.  Donna  Reservoir  is  a  162  hectare  drinking  water  and 
irrigation  storage  reservoir  which  is  located  in  southeastern  Hidalgo 
County. 

PCB  contamination  was  documented  (0.55  -  24  mg/kg)  in  23  of  50 
fish  tissue  samples  collected  in  and  around  Donna  Reservoir  by  the 
TNRCC  and  TDH  since  the  spring  of  1993  (Webster  et  al.  1998).  Fish 
tissue  contamination  appeared  to  be  limited  to  Donna  Reservoir,  the 
Donna  Main  Canal  and  an  adjacent  reach  of  the  Arroyo  Colorado.  No 
PCBs  were  found  in  fishes  collected  from  the  Rio  Grande  or  other 
LRGV  waters.  The  only  apparent  hydrologic  connections  between  the 
Arroyo  Colorado  and  the  Donna  Reservoir  system  are  shallow  ground 
waters  and  possible  leakage  of  waters  into  and  out  of  a  concrete  siphon 
carrying  canal  waters  beneath  the  Arroyo  Colorado. 

Analyses  of  over  50  sediment  and  water  samples  detected  PCBs  at 
only  one  sediment  location  in  Hidalgo  County  Drainage  Ditch  #2, 
approximately  0.5  km  west  of  the  reservoir  (0.097  /xg/kg,  dry  weight). 
The  county  dredged  this  ditch  in  1994,  before  confirmatory  samples 
could  be  collected.  Analysis  of  samples  collected  from  recent  deposi- 
tional  sediments  (nearly  0.5  m  thick)  at  the  same  site  during  July  1997 
failed  to  detect  PCBs. 

Though  there  are  many  routes  for  PCBs  to  enter  the  environment,  one 
of  the  most  common  is  through  the  unauthorized  disposal  or  storage  of 
PCB  contaminated  electrical  or  mechanical  appliances.  Roadside  resi¬ 
dential  and  construction  waste  disposal  are  common  in  the  LRGV. 
Rural  dumping  of  refrigerators,  air  conditioners,  transformers  and  other 
electrical  or  mechanical  equipment  from  the  pre-1977  (PCB  coolant  oil) 
era  is  not  uncommon  throughout  the  region. 

A  rapid  method  to  locate  and  inventory  potential  contributors  of  PCB 
pollution  in  the  vicinity  of  Donna  Reservoir  was  needed.  Access  to  and 
observation  of  approximately  30  percent  of  the  Donna  Reservoir  shore¬ 
line  was  restricted  by  dense  vegetation  and  difficult  access  across 
privately  owned  land.  The  efficacy  of  aerial  photography  and  low  alti¬ 
tude  video  (LAV)  remote  sensing  in  natural  resource  inventory  and 
assessment  has  been  widely  demonstrated  (Driscoll  &  Coleman  1974; 
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Heller  &  Ulliman  1983;  Everitt  et  al.  1986;  1987;  1992;  Everitt  & 
Villarreal  1987;  Judd  et  al.  1993;  Pearson  et  al.  1994;  Neale  et  al.  1995; 
Repic  et  al.  1995;  1996;  Harveson  et  al.  1997;  Lonard  et  al.  1997).  As 
part  of  a  continuing  Texas  Natural  Resource  Conservation  Commission 
(TNRCC)  investigation,  the  U.S.  Department  of  Agriculture, 
Agricultural  Research  Service,  Integrated  Farming  and  Natural 
Resources  Research  Unit  (USDA,  ARS,  IFNRRU)  in  Weslaco,  Texas 
agreed  to  take  aerial  photographs  of  the  reservoir  shoreline  in  an 
attempt  to  document  potential  sources  of  contamination  and  inventory 
unauthorized  solid  waste  disposal  sites. 

The  objectives  of  this  project  were  to  assess  (1)  the  utility  of  aerial 
photography  as  a  means  of  rapid  inventory  and  mapping  of  potential 
point  and  non-point  sources  of  PCB  contamination  to  the  Donna  Reser¬ 
voir  and  (2)  the  feasibility  of  using  aerial  photography  to  rapidly 
inventory  unauthorized  solid  waste  disposal  sites  in  this  rural  area. 

Methods  and  Materials 

Several  ground  surveys  were  made  with  a  four-wheel  drive  vehicle  to 
visually  document  potential  PCB  contamination  sources  along  the 
perimeter  of  Donna  Reservoir,  the  associated  canal  system  and  the 
Arroyo  Colorado.  Access  to  the  canal,  the  Arroyo  Colorado  and 
approximately  70%  of  the  lakeshore  was  relatively  unrestricted.  No 
obvious  sources  of  contamination  were  observed.  Access  to  the  remain¬ 
ing  30%  of  the  reservoir  shoreline  was  limited  due  to  restricted  access 
across  privately  owned  property  and  by  thick  vegetation.  As  a  result, 
further  ground-based  observation  attempts  were  postponed. 

Aerial  photography .—Initml  CIR  images  of  Donna  Reservoir  were 
taken  from  an  altitude  of  3,000  m  on  18  November  1997,  between  1400 
and  1500  hours.  Central  Standard  Time  (CST),  using  a  Fairchild  KA-2 
camera,  mounted  vertically  on  the  floor  of  a  fixed  wing  Aero  Comman¬ 
der  680  aircraft  provided  by  the  USDA/ARS/IFNRRU  in  Weslaco, 
Texas.  Aerial  photographs  were  acquired  under  sunny  conditions.  The 
camera  used  9  inch  by  9  inch  Kodak  Aerochrome  CIR  type  2443  film 
and  was  equipped  with  yellow  15  and  cc  50B  filters.  Photos  were  taken 
at  a  scale  of  1:10,000,  with  an  aperture  setting  of  f  9.6  at  1/lOOth 
second.  Coverage  of  the  entire  lake  required  two  separate  photographs, 
which  were  scanned  at  300  dots  per  inch  (dpi)  using  a  Relisys  scanner 
(model  VM  6530)  and  transferred  to  a  pentium  IBM  compatible  comput¬ 
er  having  Image  Pro  Plus  and  Adobe  Photoshop  software.  A  mosaic 
was  made  of  the  two  photos,  using  Adobe  Photoshop,  producing  a  single 
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image  of  the  reservoir.  Trade  names  are  included  for  the  benefit  of  the 
reader  and  do  not  imply  an  endorsement  of  or  a  preference  for  the 
product  listed  by  the  Texas  Natural  Resource  Conservation  Commission 
or  United  States  Department  of  Agriculture. 

Following  visual  screening  of  the  mosaic  image,  an  on-site  investi¬ 
gation  was  conducted  at  an  unauthorized  solid  waste  disposal  site  located 
near  the  northwest  corner  of  the  reservoir.  Ground-based  digital  photos 
were  taken  to  document  conditions  at  the  site  and  to  support  a  qualitative 
assessment  of  the  site  based  on  review  of  the  high  altitude  images.  A 
second  flight  was  conducted  in  overcast  conditions  between  1300  and 
1430  hours  CST  on  25  November  1997  to  map  and  inventory  this  dis¬ 
posal  site.  Low  altitude  (167  m),  conventional  aerial  color  digital 
oblique  photographs  were  acquired  from  a  Cessna  TU206  aircraft,  using 
a  Kodak  Digital  Sciences  (model  DC  120)  camera,  equipped  with  a  4  mb 
picture  card  and  a  38-114  mm  auto  focus  zoom  lens.  The  camera  pro¬ 
vided  color  images  with  a  resolution  of  1,280  x  960  pixels.  Oblique 
(45  °  angle)  images  had  a  horizontal  ground  pixel  resolution  of  approxi¬ 
mately  0.02  m.  Low  altitude,  vertical  digital  images  were  taken  of  the 
southeast  and  southwest  corners  of  the  reservoir,  as  well  as  a  ditch 
adjacent  to  a  county  road  to  the  northwest  of  the  reservoir,  to  document 
and  catalog  concentrations  of  discarded  objects  visible  from  the  air. 
Both  oblique  and  vertical  images  were  used  to  document  locations  at 
specific  points  along  the  shoreline  and  along  roadways  near  the  reservoir 
where  solid  waste  disposal  was  apparent  in  the  high  altitude  photog¬ 
raphy. 

Sediment  chemistry  samples  were  collected  on  8  Decem¬ 

ber  1997  at  two  sites  along  a  leachate  line  of  shallow  ground  waters 
seeping  into  the  reservoir  from  beneath  the  landfill.  Site  1  was  approxi¬ 
mately  30  m  west  of  the  southwest  corner  of  the  landfill.  Site  2  was 
approximately  100  m  west  of  the  southwest  corner.  Clean,  unused 
plastic  scoops  were  used  to  deposit  surface  sediments  scooped  from  the 
bank  into  clean,  one-quart  jars  with  Teflon  lid  liners  for  metals  analysis, 
and  into  methylene  chloride/distilled  water  rinsed  quart  jars  with  Teflon 
lid  liners  for  organic  substance  analysis.  All  samples  were  cooled  on  ice 
to  <  4°C  and  shipped  to  the  laboratory  for  delivery  within  24  hours. 
Organic  substance  samples  were  transported  to  the  Lower  Colorado 
River  Authority  (LCRA)  Laboratory  in  Austin,  Texas  for  analysis. 
Metals  samples  were  submitted  to  the  TNRCC  Laboratory  in  Houston, 
Texas  for  total  metals  screening.  All  sample  collection,  preservation, 
storage  and  shipment  procedures  followed  TNRCC  proscribed  protocols 
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(TNRCC  1994). 


Results  and  Discussion 

The  high  altitude  CIR  mosaic  image  provided  excellent  shoreline 
definition  and  high  contrast  for  visual  definition  of  areal  phytogeography 
(Figure  1).  Heavily  vegetated  areas  appeared  bright  red  in  the  image, 
while  sparsely  vegetated  areas  appeared  white.  Visual  observation  of  the 
mosaic  image  confirmed  a  large  area  with  asynchronous  white  and  red 
markings  near  the  northwest  corner  of  the  reservoir  (see  arrow  on 
Figure  1).  A  later  on-site  investigation  confirmed  the  presence  of  a 
large,  unauthorized  municipal  and  construction  solid  waste  landfill, 
hidden  from  road  observation  by  a  densely  vegetated  area  and  several 
small  homes.  The  southern  boundary  of  the  disposal  site  was  within  25 
m  of  a  dredged  canal  defining  the  north  and  west  boundaries  of  the 
reservoir. 

Discarded  paper,  boxes,  plastic  bags  and  aluminum  cans  were  dis- 
cernable  in  the  low-altitude  vertical  color  images.  Follow  up  ground 
evaluations  verified  conclusions  deduced  from  qualitative  visual  evalua¬ 
tion  of  the  photographs.  Electrical  appliances  or  other  items  that  would 
contribute  to  PCB  contamination  of  the  reservoir  were  not  evident  at  any 
of  the  three  sites  imaged  vertically. 

Low  altitude,  aerial  digital  oblique  color  photography  documented  the 
presence  of  an  unauthorized  landfill  near  the  northwest  corner  of  the 
reservoir;  an  on-site  investigation  verified  the  presence  of  construction 
wastes,  residential  wastes,  filamentous  algae  on  standing  groundwater 
pools  and  piles  of  fill  dirt  and  decaying  vegetation.  The  images  were 
sufficiently  detailed  to  provide  general  mapping  capabilities  suitable  for 
use  by  officials  or  other  persons  documenting  conditions  or  working  at 
the  site.  Temporal  repetition  of  aerial  photography  would  be  useful  in 
monitoring  changing  conditions  at  the  site  (i.e.,  addition  or  removal  of 
waste,  changes  in  the  types  of  waste  being  dumped  at  the  site,  etc.) 

Due  to  a  miscommunication  between  the  investigators  and  the  labora¬ 
tory,  the  minimum  PCB  detection  limit  on  sediment  samples  collected 
from  a  shallow  aquifer  leachate  zone,  located  on  the  reservoir  bank 
immediately  down-gradient  from  the  landfill,  was  68  jug/kg,  dry  weight, 
rather  than  the  expected  <  1  /xg/kg.  Despite  this  relatively  high  detec¬ 
tion  limit,  results  appeared  adequate  to  effectively  eliminate  this  landfill 
as  the  source  of  PCB  contamination  to  the  reservoir.  PCBs  were  not 
present  above  the  68  ptg/kg  detection  limit.  In  addition,  elevated  PCB 
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Figure  1.  High  altitude  (3,000  m)  black  &  white  rendition  of  the  CIR  mosaic  image  of 
Donna  Reservoir.  Arrow  points  to  unauthorized  landfill  prominent  at  upper  right  corner 
of  reservoir  (USDA/ARS/IFNRRU). 


contaminant  levels  in  the  Donna  Main  Canal  indicate  PCB  contribution 
is  more  likely  occurring  to  the  canal,  rather  than  to  the  reservoir 
(Webster  et  al.  1998).  Metals  and  organic  compound  concentrations  did 
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exceed  TNRCC  criteria  or  screening  levels. 

Conclusions 

Review  of  the  high  altitude  CIR  and  low  altitude  digital  color  pho¬ 
tography  confirmed  that  both  types  of  imagery  can  be  used  as  tools  to 
map  and  inventory  unauthorized  rural  solid  waste  disposal  sites.  To¬ 
gether,  these  aerial  remote  sensing  photographic  technologies  provide  a 
method  for  rapid  data  capture  and  inventory  of  geographically  isolated 
resources  and  human  impacts.  The  information  obtained  should  be  use- 
M  in  the  investigation  of  environmental  and  human  health  threats  that 
result  from  human  interaction  with  the  environment,  i.e.,  PCB  contami¬ 
nation  in  Donna  Reservoir.  High  altitude  CIR  photography  provides 
good  boundary  definition  and  contrast  between  vegetated  and  sparsely 
vegetated  areas  and  highlights  geographic  anomalies  worthy  of  follow-up 
ground  investigation.  Low  altitude  vertical  and  oblique  digital  color 
photography  provides  detailed  horizontal  pixel  resolution  useful  in 
inventorying,  mapping,  planning,  monitoring  and  verification  activities. 
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GENERAL  NOTES 

THE  WESTERN  YELLOW  BAT,  LASIURUS  XANTHINUS 
(CHIROPTERA:  VESPERTILIONIDAE), 

FROM  THE  DAVIS  MOUNTAINS,  TEXAS 

Clyde  Jones*,  Linda  Hedges  and  Kelly  Bryan 

^Department  of  Biological  Sciences  and  the  Museum  of  Texas  Tech  University 
Lubbock,  Texas  79409 

Texas  Parks  and  Wildlife  Department,  P.  O.  Box  948, 

Fort  Davis,  Texas  79734 


The  western  yellow  bat,  Lasiurus  xanthinus,  is  known  to  occur  in 
North  America  north  of  Mexico  in  extreme  southwestern  New  Mexico, 
southern  Arizona  and  southern  California.  However,  this  species  has 
been  reported  recently  from  the  Big  Bend  region  in  Brewster  County, 
Texas  (Higginbotham  et  al.  in  press;  Bradley  et  al.  in  press). 

A  specimen  of  Lasiurus  xanthinus  was  obtained  in  the  Davis  Moun¬ 
tains  State  Park,  UTM  coordinates  13603887E  3385960N  (about  1.6  km 
N,  4.8  km  W  Fort  Davis,  Jeff  Davis  County,  Texas).  The  specimen, 
an  adult  female  (lactating),  was  collected  at  2220  hours  on  27  June  1998 
in  a  mist  net  placed  across  a  pool  of  water  in  Limpia  Creek.  At  this 
site,  the  creek  bed  is  bordered  by  well-developed  riparian  vegetation 
which  provides  an  almost  closed  canopy  over  a  linear  pool  of  water, 
approximately  60  m  in  length,  in  the  main  channel  of  the  permanent, 
flowing  creek.  The  channel  averages  7  m  wide  at  this  point  in  the 
stream;  depth  of  water  averages  38  cm,  except  during  periods  following 
heavy  rainfall.  Riparian  vegetation  along  this  section  of  Limpia  Creek 
has  recovered  significantly  from  a  fairly  intense  flood  that  occurred  in 
1989,  as  well  as  periodic  channelization  efforts  by  the  Texas  Department 
of  Transportation  that  were  allowed  until  1992. 

Species  content  within  the  woodland  is  dominated  by  Rio  Grande 
cottonwood  {Populus  deltoides  var.  wislizenii)  and  Goodding  willow 
(Salix  gooddingii)  which  line  the  streambed  at  the  sampling  location. 
Other  species  of  trees  conspicuous  in  the  densely  wooded  riparian  zone 
include  netleaf  hackberry  {Celtis  reticulata),  little  walnut  {Juglans 
microcarpa),  desert  willow  {Chilopsis  linearis)  and  rose- fruited  juniper 
(Juniperus  coahuilensis) .  Less  common  trees  include  Emory  oak 
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(Quercus  emoryi),  Arizona  ash  (Frcainus  velutina)  and  southwestern 
chokecherry  {Prunus  serotina).  Whitebrush  {Aloysia  gratissima), 
catclaw  mimosa  {Mimosa  aculeaticarpa  var.  biuncifera)  and  scented 
croton  {Croton  suaveolens)  form  understory  thickets  in  many  areas. 
Subordinate  streamside  vegetation  is  comprised  of  seepwillow  baccharis 
{Baccharis  salicifolia) ,  which  is  dominant,  deergrass  {Muhlenbergia 
rigens),  cattail  {Typha  latifolia),  annual  spikesedge  {Eleocharis 
caribaea),  Grisebach  bristlegrass  {Setaria  grisebachii),  plains  bristle- 
grass  {Setaria  leucopila),  barnyard  grass  {Echinochloa  crusgalli), 
knotgrass  {Paspalum  distichum)  and  water  bentgrass  {Agrostis 
semiverticillata) . 

Other  species  of  bats  obtained  at  this  locality  on  the  same  date 
included  Yuma  myotis  {Myotis  yumanensis),  cave  myotis  {M.  velifer), 
eastern  red  bat  {Lasiurus  borealis),  western  pipistrelle  {Pipistrellus 
hesperus),  Townsend’s  big-eared  bat  {Plecotus  townsendii)  and  pallid  bat 
{Antrozous pallidus).  Based  on  observations  and  collections,  M,  velifer 
and  M.  yumanensis  were  the  most  common  bats  at  the  locality  at  the 
time. 

Some  possible  explanations  for  the  dispersal  of  L.  xanthinus  into  West 
Texas  were  offered  by  Higginbotham  et  al.  (in  press),  who  captured  two 
males  and  one  female  in  Big  Bend  National  Park  on  12  October  1996, 
27  September  1997,  and  24  November  1997,  respectively.  In  addition, 
two  males  and  one  female  were  obtained  recently  in  the  Black  Gap 
Wildlife  Management  Area  on  9-10  July  1998,  respectively  (Bradley  et 
al.  in  press).  Based  on  the  capture  in  June  of  the  female  reported 
herein,  as  well  as  the  female  captured  in  July  (Bradley  et  al.  in  press), 
it  seems  likely  that  there  may  be  a  breeding  population  of  this  species  in 
West  Texas.  Furthermore,  this  record  documents  the  northernmost 
geographic  distribution  of  L.  xanthinus  in  Texas. 

Koopman  (1993)  included  L.  xanthinus  as  a  subspecies  of  L.  ega. 
However,  L.  xanthinus  was  considered  as  a  valid  species  by  Baker  et  al. 
(1988),  who  found  that  the  eastern  {L.  ega)  and  western  (L.  xanthinus) 
populations  of  yellow  bats,  which  differ  chromosomally,  to  be  specifi¬ 
cally  distinct  on  the  basis  of  electrophoretic  data.  These  findings  were 
confirmed  by  the  work  of  Morales  &  Bickham  (1995). 

The  specimen  (skin  and  skull)  reported  herein  (TTU  78294),  as  well 
as  frozen  tissues  (TK  83012),  are  deposited  in  the  Collection  of  Recent 
Mammals  in  the  Natural  Science  Research  Laboratory,  the  Museum  of 
Texas  Tech  University. 


TEXAS  J.  SCI.  51(3),  1999 


269 


Acknowledgments 

Specimens  were  collected  from  the  Davis  Mountains  State  Park  in 
accordance  with  scientific  collecting  permits  issued  by  the  Texas  Parks 
and  Wildlife  Department  (permit  numbers  SPR-0790-189  and  27-98). 
Financial  assistance  was  provided  by  the  Natural  Resources  Program 
(David  H.  Riskind,  Director)  of  the  Texas  Parks  and  Wildlife 
Department.  Assistance  in  the  management  of  mist  nets  was  provided 
by  Casey  and  Corby  Bryan  and  Dave  Hedges.  Mary  Ann  Abbey  and 
Kristie  Roberts  aided  in  the  collection  and  preparation  of  specimens  in 
the  field.  Confirmation  of  identification  of  the  specimen  was  provided 
by  Robert  Baker  and  Hugh  Genoways. 

Literature  Cited 

Baker,  R.  J.,  J.  C.  Patton,  H.  H.  Genoways  &  J.  W.  Bickham.  1988.  Genetic  studies  of 
Lasiurus  (Chiroptera:  Vespertilionidae).  Occas.  Pap.,  Mus.,  Texas  Tech  Univ.,  1 17:1-5. 
Bradley,  R.  D.,  D.  S.  Carroll,  M.L.  Clary,  C.W.  Edwards,  I.  Tieman-Boege,  M.  J. 
Hamilton,  R.  A.  Van  Den  Bussche  &  C.  Jones,  (in  press).  Comments  on  some  small 
mammals  from  the  Big  Bend  and  Trans-Pecos  Regions  of  Texas.  Occas.  Pap.,  Mus., 
Texas  Tech  Univ. 

Higginbotham,  J.  L.,  L.  K.  Ammerman  &  M.  T.  Dixon,  (in  press).  First  Record  of 
Lasiurus  xanthinus  {Chirptom:  Vespertilionidae)  in  Texas.  Southwest.  Nat. 

Koopman,  K.  F.  1993.  Order  Chiroptera.  Pp.  137-241,  in  Mammal  species  of  the  world: 
a  taxonomic  and  geographic  reference  (D.E.  Wilson  and  D.M.  Reeder,  eds.), 
Smithsonian  Inst.  Press,  Washington,  D.C.,  xviii  +  1206  pp. 

Morales,  J.  C.  &  J.  W.  Bickham.  1995.  Molecular  systematics  of  the  genus  Lasiurus 
(Chiroptera:  Vespertilionidae)  based  on  restriction-site  maps  of  the  mitochondrial 
ribosomal  genes.  J.  Mamm.,  76:730-749. 

CJ  at:  cjones@packrat.musm.ttu.edu 

>1«  5|<  5l<  >t«  Sl« 


RANGE  EXTENSION  FOR  THE  LEAST  SHREW 
{CRYPTOTIS  PARVA)  FROM  HOWARD  COUNTY,  TEXAS 

Lynn  A.  Simpson 

Biology  Department,  Howard  College 
Big  Spring,  Texas  79720 


Reports  of  Cryptotis  parva  extending  its  range  into  west-central  Texas 
have  increased  considerably  since  Hall  (1981)  and  Davis  &  Schmidly 
(1994)  published  their  distributional  maps  of  the  least  shrew.  A 
specimen  of  C.  parya  reported  by  Dowler  &  Boyd  (1996)  from  Tom 
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Green  County  increased  the  least  shrew’s  range  to  the  northwest  from 
the  Edwards  Plateau.  Choate  (1997)  and  Yancey  et  al.  (1996)  report 
southward  range  extensions  to  Yoakum  and  Garza  counties  from  the 
central  Llano  Estacado.  Jones  et  al.  (1991)  mention  a  Fisher  County 
specimen  from  the  western  portion  of  the  Rolling  Plains.  Even  with 
these  new  records,  this  shrew  still  remained  unreported  in  a  large  area 
of  west-central  Texas.  Howard  County  is  located  in  the  middle  of  this 
area  of  west-central  Texas  where  this  shrew  had  appeared  to  be  absent. 

While  conducting  a  mammal  survey  of  Howard  County,  a  junction 
point  of  the  Edwards  Plateau,  Llano  Estacado  and  the  Rolling  Plains,  six 
specimens  of  Cryptotis  parva  were  collected.  All  specimens  were 
cataloged  into  the  Angelo  State  Natural  History  Collection.  One  male 
(ASNHC  8991),  T=3X4,  was  retrieved  from  a  feral  cat  2.1  km  S,  0.8 
km  E  of  Coahoma  in  a  sandy  loam  cotton  field  on  29  April  1994.  One 
decomposed  specimen  (ASNHC  10202)  was  salvaged  from  a  pit  fall  trap 
1.4  km  N,  9.6  km  W  of  Big  Spring  in  sandy  loam  soil  dominated  by 
Harvard  shin  oak  {Quercus  havardii)  on  20  April  1995.  Three  female 
shrews  (ASNHC  10203,  10204,  10205),  none  with  embryos,  were  col¬ 
lected  along  the  shoreline  of  a  dead  lake  on  Beals  Creek  3.7  km  S,  7.8 
km  W  of  Big  Spring  under  dilapidated  plywood  bird-watching  blinds  on 
30  December  1995.  One  female  (ASNHC  10201),  with  no  embryos, 
was  collected  on  31  October  1996  in  a  pit  fall  trap  5.1  km  N,  15.7  km 
E  of  Big  Spring  in  sandy  loam  soil. 

The  specimen  (ASNHC  10202)  caught  1.4  km  N,  9.6  km  W  of  Big 
Spring  is  a  southward  extension  of  98  km  from  the  specimen  reported 
by  Yancey  et  al.  (1996)  in  Garza  County,  a  northwest  extension  of  152 
km  from  the  shrew  reported  by  Dowler  &  Boyd  (1996)  in  Tom  Green 
County  and  an  128  km  westward  expansion  from  the  Fisher  County 
specimen  reported  by  Jones  et  al.  (1991). 

The  Howard  County  specimens  in  combination  with  the  Yoakum, 
Garza,  Tom  Green  and  Fisher  counties  specimens  will  now  fill  the 
substantial  distributional  gap  in  Hall’s  (1981)  and  Davis  &  Schmidly’s 
(1994)  maps  for  Cryptotis  parva  in  west-central  Texas. 
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ALOPECIA  IN  THE  WHITE-ANKLED  MOUSE, 
PEROMYSCUS  PECTORALIS  (MAMMALIA:  RODENTIA), 

IN  TEXAS 

Franklin  D.  Yancey,  II,  and  Clyde  Jones 

Department  of  Biological  Sciences  and 
The  Museum  of  Texas  Tech  University 
Lubbock,  Texas  79409 


Alopecia  has  been  described  from  inbred,  laboratory  colonies  of  the 
deer  mouse  {Peromyscus  maniculatus)  and  the  California  mouse 
{Peromyscus  califomicus) .  This  hairless  or  bald  condition  also  has  been 
reported  (Sinclair  et  al.  1998)  in  a  wild  population  of  P,  maniculatus. 

This  report  includes  the  first  record  of  alopecia  (hairless,  baldness)  in 
a  wild  population  of  the  white-ankled  mouse  {P.  pectoralis).  On  8 
November  1994,  five  specimens  of  P.  pectoralis  laceinaus  were  col¬ 
lected  on  Big  Bend  Ranch  State  Park,  Presidio  County,  Texas  (UTM 
coordinates  13615525E  3268958N).  Two  of  the  specimens  (adult  male 
and  female)  were  in  normal  pelage.  However,  three  specimens  (sub¬ 
adult  females)  exhibited  the  hairless  condition  described  as  alopecia 
associated  with  a  postjuvenile  molt  (Sinclair  et  al.,  1998).  Descriptions 
of  four  distinct  phenotypic  conditions  known  to  occur  in  inbred,  labora¬ 
tory  colonies  of  Peromyscus  were  summarized  by  Sinclair  et  al.  (1998), 
who  also  described  a  hairless  mutant  condition  in  wild-caught  P. 
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maniculatus  in  Oklahoma.  The  external  appearances  of  specimens  of  P. 
pectoralis  laceinaus  examined  during  this  study  closely  resemble  the 
nude  alopecia  in  wild-caught  P.  maniculatus  described  and  shown  by 
Sinclair  et  al.  (1998).  In  these  specimens,  the  adult  male  had  testes  that 
measured  9  by  6  mm,  and  the  females  evinced  no  indications  of  repro¬ 
ductive  activities.  Information  about  reduced  fertility,  and  perhaps 
semilethal  effects  associated  with  hairless  mutations,  were  discussed  by 
Sinclair  et  al.  (1998). 

During  this  study,  67  specimens  of  P.  pectoralis  were  examined  from 
23  localities  on  Big  Bend  Ranch  State  Park  in  Presidio  and  Brewster 
counties,  Texas  (Yancey  1997).  Other  than  the  aforementioned  speci¬ 
mens,  all  samples  of  the  white-ankled  mouse  appeared  normal  with 
regard  to  phenotype.  Other  species  of  rodents  taken  at  the  same 
localities  as  P,  pectoralis  on  the  study  area  included  Chaetodupus 
eremicus,  C.  nelsoni,  Dipodomys  merriami,  Reithrodontomys  fulvescens, 
R.  megalotis,  Peromyscus  eremicus,  P.  leucopus,  P.  maniculatus, 
Sigmodon  hispidus  and  Neotoma  albigula.  No  abnormalities  of  pelages 
were  noted  among  these  species  of  mammals. 

Voucher  materials  (skins  and  skulls)  of  the  P.  pectoralis  reported 
herein  are  deposited  with  the  Collection  of  Recent  Mammals  (TTU 
67515-67519)  of  the  Natural  Science  Research  Laboratory  of  the 
Museum  of  Texas  Tech  University. 
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Student  involvement  in  disposal  of  waste  generated  by  undergraduate 
laboratory  exercises  in  organic  chemistry  generally  ends  by  placing 
material  no  longer  needed  in  a  provided  container,  which  is  disposed  of 
by  the  sponsoring  chemistry  department.  This  study  introduces  a  bio¬ 
remediation  method  (Bouer  &  Zehnder  1993)  for  organic  waste  that  can 
be  successfully  accomplished  as  an  undergraduate  research  project.  This 
approach  simultaneously  promotes  an  appreciation  for  multidisciplinary 
studies  and  elevates  the  environmental  consciousness  of  students. 

Experimental  Design 

Naturally  occurring  bacteria  were  collected  from  a  variety  of  sources 
including  soil,  wastewater  sludge,  septic  effluent  and  a  grease  trap.  The 
bacteria  were  collected  and  grown  in  standard  media.  The  bacteria  were 
then  isolated  by  centrifugation,  washed  with  buffer,  recentrifuged,  and 
then  suspended  in  a  mineral  salt  solution  purchased  from  Sigma  Chemi¬ 
cal  Co.  These  bacteria  were  grown  in  the  mineral  salt  solution  with 
ethyl  butyrate  as  their  sole  carbon  source.  Ethyl  butyrate  was  added  to 
a  total  concentration  of  1  %  to  the  inoculated  medium.  The  flasks  were 
capped  with  cheese  cloth  (for  aeration)  and  placed  in  an  incubator/shaker 
for  48  hour  periods.  At  the  end  of  each  period,  the  absorbance  at  600 
nm  was  monitored  on  every  flask  to  observe  bacterial  growth. 

To  test  for  the  continued  presence  of  ester  in  the  bacterial  cultures 
grown  with  ethyl  butyrate  as  the  sole  carbon  source,  a  1.0  mL  aliquot 
of  culture  was  analyzed  for  ester.  To  the  1.0  mL  aliquot,  0.4  mL  of 
H2N0H*HC1  in  CH3OH  was  added.  2.0  M  KOH  was  added  dropwise 
until  the  solution  was  basic.  The  solution  was  then  passed  over  a  flame 
until  it  began  to  boil.  It  was  immediately  removed  from  the  heat  and 
allowed  to  cool  to  room  temperature.  2.0  M  HCl  was  added  dropwise 
until  the  pH  was  around  three,  then  one  drop  of  10%  FeCl3  was  added. 
A  magenta  color  is  indicative  of  a  positive  test  for  ethyl  butyrate,  and 
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a  yellow  color  is  a  negative  result  (Cheronis  &  Entrikin  1963).  A 
standard  ethyl  butyrate  solution  was  made.  Serial  dilutions  were  then 
made,  and  a  Beer’s  Law  Plot  was  constructed  to  try  to  determine  the 
concentration  of  ester  remaining  over  time  in  the  bacterial  cultures. 

Erlenmeyer  flasks  were  prepared  with  250  mL  of  the  mineral  salts 
solution  with  1  %  ethyl  butyrate  as  the  sole  carbon  source.  Approxi¬ 
mately  2.5  mL  of  the  bacteria  from  overnight  cultures  were  suspended 
in  phosphate  buffer  and  added  to  one  set  of  the  flasks.  The  control  set 
of  flasks  contained  the  mineral  salt  solution  and  had  no  bacteria  added. 
The  flasks  were  incubated  and  bacterial  growth  was  monitored  for  20 
days  at  600  nm.  Every  two  days  an  aliquot  was  removed  for  extraction 
of  the  ester,  and  the  flasks  were  returned  to  the  incubator. 

The  extraction  of  the  ester  from  the  media  was  carried  out  by  remov¬ 
ing  1.0  mL  from  each  flask.  2.0  mL  of  diethyl  ether  was  added  to  the 
1.0  mL  aliquot.  This  mixture  was  shaken,  vented  and  the  broth  layer 
was  removed.  The  ether  layer  was  then  filter  sterilized  using  a  0.22/xm 
filter  to  remove  any  remaining  bacteria,  diluted  to  a  final  volume  of  5.0 
ml  with  diethyl  ether,  and  stored  at  -20 °C  until  further  analysis  by  gas 
chromatography  (GC)  could  be  carried  out. 

Ethyl  butyrate  standards  of  500  ppm,  250  ppm  and  100  ppm  were 
prepared  and  analyzed  by  GC  using  a  Varian  Star  8200  CX  autosampler, 
which  was  attached  to  the  Varian  Star  3600  CX  GC/MS.  Retention 
times  for  ethyl  butyrate  were  determined  from  these  standards.  The 
aliquots  that  had  been  removed  every  two  days,  extracted  and  stored  in 
the  freezer  were  also  analyzed  by  GC.  The  concentration  of  the  samples 
were  determined. 


Results  and  Discussion 

The  use  of  visible  spectroscopy  to  monitor  the  growth  of  bacteria  at 
600  nm  demonstrated  that  the  bacteria  from  the  wastewater  sludge  did 
in  fact  grow  using  ethyl  butyrate  as  their  sole  carbon  source.  Prelimi¬ 
nary  characterization  using  standard  microbiological  techniques  of  these 
bacteria  indicate  it  is  a  Bacillus  that  replicates  in  the  presence  of  ethyl 
butyrate  as  its  sole  carbon  source.  Bacteria  from  other  sources  did  not 
grow  significantly. 

The  classic  qualitative  test  for  ester  using  the  ferric  hydroxamate 
method  demonstrated  that  the  presence  of  ester  in  the  bacterial  cultures 
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could  be  monitored  over  time.  The  ability  to  generate  Beer’s  Law  Plot 
also  indicated  that  this  qualitative  test  could  possibly  become  a  quantita¬ 
tive  test;  however,  the  amount  of  culture  needed  and  the  time  to  perform 
the  ferric  hydroxamate  test  were  cumbersome. 

The  GC  analysis  showed  that  ester  could  in  fact  be  detected;  however, 
the  expected,  consistent  decrease  in  ethyl  butyrate  concentration  as  the 
cultures  grew  was  not  observed.  The  MS  showed  an  increase  in  the 
total  mass  over  time  which  suggestive  of  microbial  growth.  These 
results  were  compatible  with  those  from  the  visible  spectroscopy  for 
bacterial  growth  when  ethyl  butyrate  was  used  as  the  sole  carbon  source. 

The  results  of  the  mass  spectrometer  and  visible  spectrophotometer 
analysis  showed  the  bacteria  did  grow  in  the  flasks  with  ethyl  butyrate 
as  the  only  carbon  source.  Since  ethyl  butyrate  was  the  only  carbon 
source,  it  is  deduced  that  these  bacteria  must  be  metabolizing  the  ethyl 
butyrate.  The  ferric  hydroxamate  test  indicates  it  will  be  possible  to  not 
only  detect  the  ethyl  butyrate  but  may  also  provide  another  quantitative 
assessment  it  with  further  work.  It  is  believed  the  extraction  technique 
for  ethyl  butyrate  from  the  growing  cultures  will  need  to  be  refined  to 
reliably  measure  the  concentration  of  ethyl  butyrate  by  GC  analysis. 
Future  GC  analysis  may  be  performed  immediately  after  the  extraction 
to  determine  if  storing  in  the  freezer  affected  the  sample.  Currently,  it 
is  not  known  if  ethyl  butyrate  is  being  metabolized  to  CO2  and  H2O,  or 
to  other  products.  GC/MS  analyses  will  also  be  used  to  determined 
what  metabolites  are  being  produced  from  the  breakdown  of  ethyl 
butyrate  by  bacteria. 
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Common  methods  for  individual  marking  of  small  mammals  include 
ear  tags,  leg  rings  (Chitty  1937),  toe  clipping  (Walker  1935)  and  more 
recently  passive  integrated  transponders  (Harper  &  Batzli  1996).  How¬ 
ever,  each  method  has  limitations  for  select  species  and  studies.  Ears 
of  some  rodents  are  too  small  to  apply  a  tag.  A  leg  ring  may  cause 
swelling  and  gangrene  of  the  foot  (Fullagar  &  Jewell  1965).  Toe  clip¬ 
ping  may  lower  the  life-span  of  some  species  (Pavone  &  Boonstra 
1985).  Trap-shy  behavioral  changes  in  capture  probabilities  may  result 
from  an  unfavorable  first-capture  experience  (White  et  al.  1982).  Addi¬ 
tionally,  concerns  for  humane  treatment  of  animals  warrant  that  the  least 
invasive/harmful  marking  techniques  be  chosen  (Schmidt  1990). 

Marking  techniques  are  limited  to  methods  other  than  ear  tagging 
when  trapping  small-eared  rodents.  Paints  and  dyes  have  been  used  with 
success  as  temporary  markers  for  mammals  (Nietfeld  et  al.  1996). 
Because  of  several  aforementioned  problems  associated  with  other  mark¬ 
ing  techniques,  this  paper  describes  an  inexpensive  ink  color  code 
system  for  individually  marking  small-eared  rodents  using  permanent 
ink.  The  method,  however,  is  only  applicable  to  short-term  studies 
because  the  persistence  of  the  mark  is  limited  (permanent  implies  a  type 
of  ink  and  not  a  permanent  mark).  Additionally,  application  of  this 
technique  may  be  limited  when  conditions  are  wet  or  when  working  with 
species  prone  to  urination  because  ink-marks  can  be  difficult  to  apply  to 
wet  pelage. 

Sharpie®  fine  point  non-toxic  permanent  ink  pens  were  used  to  apply 
the  ink  mark  to  small  mammals.  One  or  two  lines  (one-half  cm  wide 
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and  5  cm  long),  with  each  line  one  of  four  colors  (red,  black,  blue  and 
green),  were  drawn  onto  the  pelage  of  the  ventral  side  of  each  subject’s 
abdomen  and  thorax.  Each  line  was  coated  five  times,  from  the  pos¬ 
terior  to  the  anterior  and  from  the  anterior  to  the  posterior.  This 
procedure  helps  to  make  a  well-defined  mark  and  increases  the  persis¬ 
tence  of  the  mark. 

To  test  the  persistence  and  application  of  this  marking  technique,  eight 
study  plots  were  established  in  a  saltbush  (Atriplex  canescens)  communi¬ 
ty  in  the  Tularosa  Basin  in  south-central  New  Mexico  during  July  1996. 
Each  study  plot  consisted  of  two,  250  m  trap-lines  spaced  25  m  apart. 
Traps  were  spaced  at  10  m  intervals,  yielding  a  total  of  25  Sherman 
folding,  aluminum  live  traps  (8  by  9  by  23  cm)  per  trap-line,  and  baited 
with  quick  oats. 

To  determine  the  durability  and  accuracy  of  the  color  coding  tech¬ 
niques,  subjects  were  also  ear  tagged.  Kangaroo  rats  {Dipodomys  spp.) 
were  captured,  ear  tagged,  marked  with  an  ink  mark  color  code,  and 
then  released  in  the  same  location.  Species  of  kangaroo  rat,  color  code 
and  ear  tag  number  were  recorded.  The  specimens  were  recaptured  five 
nights  later  and  the  color  code  and  tag  number  were  again  recorded  on 
a  separate  data  sheet. 

Of  the  original  55  kangaroo  rats  {Dipodomys  merriami  and  Dipodomys 
ordii)  captured,  25  were  recaptured  after  five  nights  (traps  were  opened 
only  the  fifth  night).  All  animals  were  identified  correctly  using  the  ink 
marks.  Most  ink  marks  appeared  as  if  they  would  last  for  several  more 
days.  Nevertheless,  the  persistence  of  the  ink  mark  beyond  five  nights 
was  not  examined  during  this  study. 

Many  possible  individual  color  codes  are  possible  when  using  this 
technique.  In  fact,  the  number  of  possible  codes  is  limited  only  by  the 
number  of  colors  of  ink  pens  to  which  a  worker  has  access,  as  long  as 
the  colors  are  distinguishable  under  field  conditions.  Furthermore,  the 
color  coded  mark  can  be  employed  in  both  a  posterior  to  anterior  and 
side  to  side  orientation;  thereby  doubling  the  potential  number  of  codes. 
Thus,  many  potential  codes  are  possible  with  this  technique.  Although 
the  color  coding  technique  was  primarily  designed  for  small-eared 
pocket  mice  (Perognathus  spp.  and  Chaetodipus  spp.),  kangaroo  rats 
(heteromyids  with  ears  sufficiently  large  enough  to  tag)  were  used  as  test 
animals.  Although  kangaroo  rats  differ  morphologically  and  behavior- 
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ally  from  pocket  mice,  the  results  reported  herein  for  kangaroo  rats 
adequately  represent  the  persistence  of  the  ink  mark. 

The  ink  mark  system,  which  only  takes  a  few  seconds  to  apply,  was 
adequate  for  marking  animals  in  a  short-term  study  when  the  animals 
underwent  unrestrained  activity  for  five  nights.  Additionally,  duration 
of  the  marks  could  be  extended  because  animals  can  be  quickly  re¬ 
marked  each  time  they  are  captured.  However,  the  remarking  would 
only  facilitate  a  valid  mark-recapture  study  if  all  animals  were  recap¬ 
tured  prior  to  their  marks  wearing  off.  This  technique  may  be  a  good 
alternative  for  marking  small-eared  rodents  for  short-term  studies 
because  it  is  inexpensive  and  did  not  appear  to  be  harmful  in  any  way. 
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PLANT  CELL  WALL  DEGRADING  ENZYMES  PRODUCED 
BY  PHOMA  BETAE,  A  PLANT  PATHOGENIC  FUNGUS 

Jacobo  Ortega 

Biology  Department,  The  University  of  Texas  Pan  American 
Edinburg,  Texas  78539 

Abstract. — The  extracellular  plant  cell  wall  degrading  enzymes  of  Phoma  betae  and  the 
effect  of  different  carbon  sources  on  the  production  of  these  enzymes  were  investigated. 
Cellobiohydrolase  and  xylanase  activities  were  detected  in  fluids  collected  from  cultures 
containing  all  the  carbon  sources  tested.  Production  of  endoglucanase  was  induced  by  micro¬ 
crystalline  cellulose,  carboxy methyl  cellulose  (CMC)  and  xylan.  The  highest  activities  of 
cellobiohydrolase  and  xylanase  were  measured  in  fluids  collected  from  cultures  containing 
CMC.  However,  the  highest  activities  of  endoglucanase  were  detected  in  the  fluids  of  cul¬ 
tures  containing  microcrystalline  cellulose.  Results  of  this  study  indicate  that  Phoma  betae 
produces  constitutively  small  amounts  of  cellobiohydrolase  and  xylanase. 


Direct  penetration  of  susceptible  hosts  by  the  infective  hyphae  of 
phytopathogenic  fungi  is  facilitated  by  the  production  of  cutinases 
(Agrios  1997),  followed  by  softening  or  disintegration  of  host  tissues  by 
plant  cell  wall  degrading  enzymes  produced  by  the  pathogen  (Kenaga 
1974;  Agrios  1997).  Production  of  these  enzymes  is  induced  in  many 
plant  pathogenic  fungi  when  these  organisms  are  grown  on  media 
containing  various  sugar  polymers  (Cooper  &  Wood  1973;  Pegg  1981; 
Ortega  1990).  Phoma  betae  Frank  is  the  anamorph  of  Pleospora 
bjoerlingii  Byford.  It  attacks  sugar  beets  at  any  stage  of  development 
causing  leaf  spots,  seedling  root  rot,  black  rot  of  growing  roots  and 
heart  rot  of  mature  roots  (Nyvall  1989).  The  main  objectives  of  this 
work  were  to  determine  the  components  of  extracellular  plant  cell  wall 
degrading  enzymes  of  P,  betae  and  to  determine  the  effects  of  the 
carbon  source  on  the  production  of  these  enzymes  by  the  test  fungus. 

Materials  and  Methods 

Organism  and  culture  conditions .—Siock  cultures  of  P.  betae,  part  of 
a  collection  of  phytopathogenic  fungi,  were  maintained  on  PDA  slants 
(Difco,  B13).  The  fungus  was  previously  grown  in  250mL  flasks  with 
125  mL  of  a  medium  containing:  0.2  g/L  MgS04.7H20,  0.1  g/L 
Ca(N03)2.4H20,  1  g/L  Peptone,  2  g/L  yeast  extract,  and  20  g/L  glucose 
in  sodium  citrate  buffer  at  pH  5.0.  After  four  days  growth  at  26°C,  5.0 
mL  of  mycelium  inoculum  was  washed  twice  in  distilled  water  and  then 
transferred  to  the  cellulolytic  growth  medium.  The  medium  for  the 
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production  of  cellulases  contained:  2.5  g/L  NH4NO3,  1.0  g/L  K3PO4, 
0.5  g/L  MgS04,  0.5  g/L  Ca(N03)2.4H20,  0.72  mg/L  Fe(N03)3.9H20, 
0.44  mg/L  ZnS04.7H20,  2.0  mg/L  MnS04.4H20,  0.40  mg/L  ZnCl2, 
and  10  g/L  carbohydrate.  The  carbohydrates  used  as  carbon  sources 
and  enzyme  inducers  were:  sodium  carboxymethyl  cellulose  (CMC,  type 
7HF,  Aqualon  Company),  microcrystalline  cellulose  and  xylan  (Sigma 
Chemical  Company).  The  control  cultures  had  glucose  as  the  sole 
carbon  source.  The  pH  of  the  growing  medium  was  adjusted  to  5.0 
with  O.IN  KOH.  Incubation  of  the  cultures  was  carried  out  for  seven 
days  in  covered  250mL  flasks  on  an  orbital  shaker  at  80  rpm  and  26 °C. 

Enzyme  preparation  and  assays.— Samplts  of  the  culture  fluids  were 
collected  after  seven  days  of  growth  in  the  liquid  medium.  The  culture 
fluids  were  centrifuged  (3850  xg  for  20  minutes,  at  10°C)  to  obtain  a 
clear  supernatant.  The  supernatant  was  subsequently  used  for  the 
determination  of  extracellular  enzyme  activity.  For  simplification,  the 
collected  supernatant  is  hereafter  referred  to  as  the  enzyme.  All  tests 
were  replicated  four  times. 

Cellobiohydrolase. —Ce\\obiohydro\2ise  (1 ,4-B-D-glucan  cellobiohy- 
drolase,  EC  3.2.1.91)  activity  was  measured  by  combining  in  separate 
test  tubes  2.0  mL  of  enzyme  with  20  mg  of  microcrystalline  cellulose 
(type  50,  Sigma  Chemical  Co.)  in  1.0  mL  of  0.05  M  sodium  citrate 
buffer  (pH  5.0)  and  incubating  the  reaction  mixture  for  120  minutes  at 
40 °C.  The  tubes  were  stirred  several  times  during  incubation.  After 
centrifugation,  the  concentration  of  reducing  sugar  in  the  supernatant 
was  determined  using  the  dinitrosalicylic  acid  reagent  (Miller  1959). 

Endoglucanase. —Endoglucdinsist  (CM-cellulase,  carboxymethyl  cellu- 
lase,  EC  3.2. 1.4)  activity  was  measured  by  combining  2.0  mL  of 
enzyme  with  10  mg  of  sodium  carboxymethyl  cellulose  (type  7HF, 
Aqualon  Company.)  in  2.0  mL  of  0.05  M  sodium  citrate  buffer,  pH  5.0. 
The  reaction  mixture  was  incubated  at  40 °C  for  120  minutes.  The 
concentration  of  reducing  sugar  in  the  reaction  mixture  was  determined 
using  the  dinitrosalicylic  acid  reagent  (Miller  1959). 

Xylanase. — Xylanase  (EC  3.2.1 .32)  activity  was  measured  by  combin¬ 
ing  20  mg  of  xylan  in  1 .0  mL  of  0.05  M  sodium  citrate  buffer,  pH  5.0, 
with  2.0  mL  of  enzyme.  The  reaction  mixture  was  incubated  at  40 °C 
for  120  minutes.  After  centrifugation,  the  concentration  of  reducing 
sugars  in  the  supernatant  fluid  were  determined  using  the  dinitrosalicylic 
acid  reagent  (Miller  1959). 
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Table  1.  Specific  activities'  (Usp)  of  cell  wall  degrading  enzymes  produced  by  Phoma  betae 
grown  for  seven  days  in  liquid  medium  with  different  carbon  sources. 


Enzymes 

Carbon  source 
and  enzyme 
inducer 

Cellobio¬ 

hydrolase 

Endoglu- 

canase 

Xylanase 

Total 

protein 

(mg/mL) 

Microcrystalline 

cellulose 

11.06+0.59 

88.76  +  3.20* 

50.37+4.93 

0.17+0.02 

CMC 

18.56+0.30* 

55.28  +  3.56 

58.75  +  1.28* 

0.20+0.03 

Xylan 

1.85+0.30 

13.49+0.61 

17.23+0.98 

0.97+0.02 

Glucose 

3.00+0.39 

0.00** 

5.05+0.31 

2.91+0.03 

*  fiM  of  glucose,  xylose  or  their  reducing  sugar  equivalent/min/mL/mg  of  protein.  Mean 
±  SD  of  four  replications. 

*  Using  one-way  ANOVA  and  r-tests  of  significance. 

**  0.0  no  enzyme  activity  detected. 


Protein  determination. —  Extracellular  protein  in  the  crude  supernatant 
was  determined  with  the  BCA  reagent  (Pierce  Chemical  Company)  using 
bovine  serum  albumin  as  a  standard. 

Data  analysis. — The  results  were  expressed  as  units  of  specific 
enzyme  activity  and  represent  means  plus  or  minus  the  standard  devia¬ 
tion  of  four  replications.  One  unit  of  specific  activity  (Usp)  was 
calculated  as  the  amount  of  enzyme  that  liberated  one  micromole  (/xM) 
of  glucose,  xylose  or  its  reducing  sugar  equivalent  per  minute  per  mL 
of  enzyme  per  mg  of  extracellular  protein  under  the  conditions  of  the 
assay.  Statistical  analyses  of  experimental  data  were  made  with  one-way 
analysis  of  variance  {ANOVA)  and  f- tests  of  significance. 

Results 

Cellobiohydrolase. —Pvoduciion  of  cellobiohydrolase  was  induced  in 
cultures  with  all  carbon  sources  tested.  Maximum  cellobiohydrolase 
activity  (18.56  Usp)  was  measured  in  fluids  from  cultures  containing 
CMC  (Table  1).  This  activity  was  significantly  higher  {P  <  0.01)  than 
cellobiohydrolase  activities  measured  in  fluids  from  cultures  containing 
microcrystalline  cellulose,  xylan  or  glucose.  Cellobiohydrolase  activi¬ 
ties  measured  in  fluids  from  cultures  containing  microcrystalline  cellu¬ 
lose,  glucose  or  xylan  were  59.5  percent  16.1  percent,  and  1.9  percent 
respectively,  of  the  activity  measured  in  fluids  from  cultures  with  CMC. 
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The  difference  (7.5  Usp)  between  the  cellobiohydrolase  activity  mea¬ 
sured  in  fluids  from  cultures  containing  microcrystalline  cellulose  and 
the  activity  determined  in  fluids  from  cultures  with  CMC  was  statis¬ 
tically  significant  (P  <  0.01).  The  activity  of  this  enzyme  (3.00  Usp) 
measured  in  the  fluids  collected  from  cultures  containing  glucose  as 
enzyme  inducer  probably  indicates  that  a  small  amount  of  this  enzyme 
is  produced  constitutively  by  P.  betae. 

Endoglucanase .—MdiyAmnm  endoglucanase  activity  (88.76  Usp)  was 
measured  in  culture  fluids  of  P,  betae  when  the  fungus  was  grown  in 
media  containing  microcrystalline  cellulose  (Table  1).  This  activity  was 
significantly  higher  {P  <  0.01)  than  the  endoglucanase  activities 
measured  in  fluids  containing  CMC  or  xylan.  The  activities  of  this 
enzyme  measured  in  fluids  from  cultures  with  CMC  or  xylan  were  62.2 
percent  and  15.1  percent,  respectively,  of  the  activity  measured  in  fluids 
from  cultures  containing  microcrystalline  cellulose  (Table  1).  No 
endoglucanase  activity  was  detected  in  fluids  collected  from  cultures 
containing  glucose  as  the  sole  carbon  source. 

Xylanase. — Production  of  xylanase  by  the  test  fungus  was  induced  by 
all  carbon  sources  tested  (Table  1).  Maximum  production  of  this 
enzyme  (58.75  Usp)  was  measured  in  the  cultures  that  containing  CMC. 
This  activity  was  significantly  higher  {P  <  0.01)  than  the  activities 
measured  in  fluids  from  cultures  containing  microcrystalline  cellulose, 
xylan  or  glucose,  respectively.  Xylanase  activities  measured  in  fluids 
from  cultures  with  microcrystalline  cellulose,  xylan  or  glucose  were  77.3 
percent,  29.3  percent  and  8.5  percent  respectively  of  the  activity 
measured  in  fluids  from  cultures  containing  CMC  (Table  1).  The  activi¬ 
ties  of  this  enzyme  measured  in  fluids  from  cultures  containing  micro¬ 
crystalline  cellulose  (50.73  Usp)  were  significantly  higher  {P  <  0.01) 
than  the  activities  measured  in  fluids  from  cultures  containing  xylan  or 
glucose  (17.23  and  5.05  Usp  respectively.  Table  1).  Xylanase  activity 
(17.23  Usp)  assayed  in  fluids  containing  xylan  was  significantly  higher 
{P  =  0.01)  than  the  activity  (5.05  Usp)  measured  in  fluids  with  glucose 
as  enzyme  inducer.  The  activity  of  this  enzyme  (5.05  Usp)  measured 
in  fluids  collected  from  the  control  cultures  probably  indicates  that  at 
least  part  of  this  enzyme  is  produced  in  a  constitutive  manner  by  the  test 
fungus. 

Discussion 

Maximum  production  of  cellobiohydrolase  by  the  test  fungus  was 
measured  in  fluids  from  cultures  containing  CMC.  Similar  results  were 
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obtained  in  other  studies  of  the  phytopathogenic  fungi  Fusarium 
oxysporum  f.  sp.  lycopersici  (cf.  Ortega  1990)  and  Exserohilum 
rostratum  (cf.  Ortega  1993).  However,  in  studies  of  Alte maria 
brassicae  (Ortega  1992),  it  was  learned  that  the  highest  production  of 
cellobiohydrolase  was  induced  by  microcrystalline  cellulose.  Part  of  the 
cellobiohydrolase  activity  produced  by  P.  betae  was  produced  constitu- 
tively,  under  the  conditions  of  this  study.  In  similar  studies  with  other 
plant  pathogenic  fungi  such  as  A.  brassicae  (cf.  Ortega  1992)  and  E. 
rostratum  (cf.  Ortega  1993)  small  amounts  of  this  enzyme  were  pro¬ 
duced  constitutively.  Suzuki  et.  al.  (1998)  reported  that  the  germinating 
conidia  of  Blumeria  graminis  (Syn.  Erysiphe  grarninis,  a  phytopatho¬ 
genic  obligate  parasite)  produce  cellulases  constitutively. 

Whereas  the  highest  activity  of  endoglucanase  was  measured  in  fluids 
from  cultures  of  P.  betae  containing  microcrystalline  cellulose,  maxi¬ 
mum  activities  of  this  enzyme  were  induced  by  CMC  in  cultures  of  the 
plant  pathogenic  fungi  F.  oxyspomrn  f.  sp.  lycopersici  (cf.  Ortega  1990) 
and  E.  rostratum  (cf.  Ortega  1993).  Yu  et  al.  (1998)  reported  that  the 
activity  of  this  enzyme  was  enhanced  by  the  addition  of  wheat  bran  to 
the  cellulase  production  medium.  The  activity  of  this  enzyme  could  not 
be  detected  in  fluids  taken  from  cultures  containing  glucose.  However, 
in  similar  studies  of  other  phytopathogenic  fungi  such  as  Colletotrichurn 
gloeosporioides  (cf.  Ortega  1994)  and  Phymatotrichum  ornnivorurn  (cf. 
Ortega  1995)  it  was  found  that  glucose  was  an  effective  inducer  of  endo¬ 
glucanase. 

Maximum  production  of  xylanase  was  measured  in  fluids  from  cul¬ 
tures  with  CMC  as  carbon  source  and  enzyme  inducer.  It  has  been 
shown  that  this  carbon  source  also  induced  maximum  xylanase  activities 
in  fluids  of  liquid  cultures  of  C.  gloeosporioides  (cf.  Ortega  1994)  and 
Sclerotiurn  bataticola  (cf.  Ortega  1997).  According  to  Stewart  et  al. 
(1983)  the  production  of  xylanase  by  Aspergillus  fumigatus  was  much 
larger  when  the  fungus  was  grown  in  media  containing  cellulosic  materi¬ 
als  such  as  delignified  hay  and  grasses  than  when  grown  in  media  con¬ 
taining  purified  cellulose.  Dubeau  et  al.  (1986)  reported  that  the  best 
inducer  for  the  production  of  xylanase  by  Chaetorniurn  cellulolyticurn 
was  wheat  straw  in  solid  state  fermentation  cultures.  However,  in  simi¬ 
lar  studies  of  A.  brassicae  (cf.  Ortega  1992)  and  P.  ornnivomm  (cf. 
Ortega  1995)  the  highest  xylanase  activities  were  measured  in  fluids  of 
cultures  containing  xylan  as  the  carbon  source.  Xylanase  activity  deter¬ 
mined  in  the  fluids  of  the  control  cultures  was  8.5  percent  of  the  highest 
xylanase  activity  measured  in  this  study.  The  activity  of  this  enzyme 
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produced  in  the  absence  of  the  enzyme  inducer  (xylan)  suggests  that  a 
certain  amount  of  the  xylanase  produced  by  P.  betae  was  synthesized  in 
a  constitutive  manner.  It  has  been  shown  before  that  this  enzyme  is  also 
produced  constitutively  by  E.  rostratum  (cf.  Ortega  1993)  and  by  C. 
gloeosporioides  (cf.  Ortega  1994). 
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Abstract.— Statistical  analysis  of  gas  chromatographic  data  using  Microsoft  Excel  has 
been  applied  to  the  seasonal  variation  of  leaf  extracts  of  mistletoe  {Phoradendron 
tomentosum)  growing  in  Kerrville,  Texas.  Mistletoe  samples  were  collected  from  the  same 
plant  during  the  months  of  September  1995  through  May  1996.  Hexane  extracts  were 
analyzed  by  gas  chromatography.  When  the  normalized  chromatographic  data  were  subjected 
to  similarity  index  calculations,  definite  seasonal  variation  was  observed  with  the  most 
matches  occurring  in  adjacent  months  and  the  most  mismatches  occurring  in  distant  months. 
This  method  appears  to  have  value  in  determining  the  chromatographic  peaks  that  might  be 
avoided  when  seasonal  variation  is  a  concern.  Compounds  that  are  independent  of  parasitic 
host,  season,  gender  and  method  of  collection  must  be  carefully  selected  for  use  in  biological 
analyses. 


Mistletoes  are  found  in  one  of  four  biological  families  within  the 
order  Santales:  Misodendraceae,  Loranthaceae,  Viscaceae  and 
Eremolepidaceae.  The  members  of  this  family  are  either  hemiparasitic 
(with  chlorophyll)  or  parasitic  (without  chlorophyll)  and  attach  to  the 
roots  or  stems  of  other  plants.  The  four  family  classification  consists  of 
over  a  hundred  genera  and  thousands  of  species  (Cronquist  1968;  Kuijt 
1968). 

Of  the  four  families  of  mistletoe  that  exist,  the  two  most  common  are 
Loranthaceae  and  Viscaceae.  The  differences  between  these  two 
families  center  on  floral  structure  and  chromosomal  count  (Barlow  & 
Wiens  1971;  Wiens  &  Barlow  1971).  The  Loranthaceae  have  large, 
conspicuous  brightly  colored  flowers  and  the  Viscaceae  have  small, 
simply  constructed  inconspicuous  flowers.  The  chromosomal  count  for 
Loranthaceae  varies  from  8  to  12,  whereas  in  the  Viscaceae  the  number 
is  constant  at  14. 

Mistletoes  are  found  throughout  the  entire  world,  but  are  concentrated 
in  paratropical  regions.  The  Loranthaceae  are  found  in  the  Southern 
Hemisphere  and  the  Viscaceae  are  found  in  the  Northern  Hemisphere 
including  the  United  States  (Barlow  1983). 
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The  family  Viscaceae  consists  of  seven  genera  and  about  400  species. 
The  genus,  Phoradendron,  is  found  in  the  Western  Hemisphere  and 
consists  of  170  species.  Seven  species  are  found  in  the  United  States 
(Barlow  1983).  This  genus  is  divided  regionally  into  species; 
Phoradendron  serotinurn,  found  in  the  eastern  United  States  and  P. 
tornentosum,  found  in  the  central  to  western  United  States  (Wiens  1964). 
Phoradendron  tomentosum  is  further  divided  into  two  subspecies  P. 
tomentosurn  tomentosorn  growing  in  central  Texas  from  Mexico  to 
Oklahoma  and  P.  tomentosum  macrophyllum  growing  from  west  Texas 
to  California  (Wiens  1964).  The  range  of  P.  serotinurn  is  from  eastern 
Texas  through  the  southeastern  United  States  (May  1971)  up  to  Ohio 
through  New  Jersey  (Spooner  1983).  The  mistletoe  species  that  is  the 
subject  of  this  study  is  P,  tomentosum. 

In  order  to  classify  biological  species,  the  taxonomist  observes 
taxonomic  characters.  A  taxonomic  character  is  defined  by  Hey  wood 
(1970:29)  as  "any  attribute  referring  to  form,  structure,  physiology,  or 
behavior  which  is  considered  separately  from  the  whole  organism  for  a 
particular  purpose  such  as  comparison,  identification,  or  interpreta-tion. " 
Defined  in  this  way,  chemical  data  can  be  used  in  the  same  way  as 
traditional  morphological  features  (Looney  1998). 

One  of  the  variables  that  must  always  be  considered  when  studying 
any  biological  sample  is  the  season  of  collection.  Samples  of  Aeonium 
urbicum  (herbs)  were  collected  from  four  sites  in  four  different  months 
(Eglinton  &  Hamilton  1963).  Immature  leaves,  adult  leaves  and  dead 
leaves  were  collected  and  analyzed.  It  was  concluded  that  the  C31  to  C34 
hydrocarbon  pattern  varied  little  and  also  that  the  hydrocarbon  profile 
could  be  used  for  a  species  without  regard  to  season,  location  or  age. 
Two  species  of  Ficus  (figs),  F.  hispida  and  F.  infectoria  were  collected 
during  different  months  and  contained  all  the  hydrocarbons  in  the  range 
^25  to  C34,  but  their  relative  abundance  was  quite  different  (Bahr  & 
Thakur  1981).  It  was  noted  that  perhaps  leaf  waxes  were  not  a  good 
taxonomic  character  considering  the  variation  in  the  profile  based  on 
season.  Thus  it  seems  that  results  are  inconclusive  regarding  the  season 
of  collection. 

Chemical  methods  in  taxonomy  are  used  to  record  the  presence  or  the 
absence  of  various  compounds,  and  to  some  extent,  concentrations  of 
these  compounds.  The  taxonomist  usually  decides  which  are  important 
characters  for  classification  or  interpretation  and  which  are  not.  Large 
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classes  of  compounds  that  are  used  for  taxonomic  purposes  are  high 
molecular  weight  compounds,  such  as  proteins  (Fitch  1970;  Hall  et.  al. 
1971)  and  relatively  low  molecular  weight  compounds,  such  as  alkaloids 
(Hegnauer  1963)  and  terpenes  (Irving  1969).  Chromatographic  methods 
are  usually  used,  since  they  are  relatively  fast,  accurate  and  inexpensive. 
Gas  chromatography  can  be  applied  to  taxonomic  studies  since  almost 
every  major  plant  group  can  be  identified  using  volatile  compounds 
(Flake  &  Turner  1973).  Gas  chromatography  is  the  analytical  method 
that  was  used  in  the  current  project. 

The  chromatographic  data  were  compared  mathematically  using  a 
similarity  index,  which  was  calculated  using  the  following  formula: 

Y) 

where  X  is  the  normalized  chromatographic  peak  area  for  a  sample  at  a 
particular  retention  time,  Y  is  the  normalized  chromatographic  peak  area 
for  the  standard  (expected)  at  the  same  retention  time,  and  SI  is  the 
similarity  index. 


Methods  and  Materials 

Sample  collection.— samples  (Viscaceae  -  Phoradendron 
tomentosum)  were  collected  in  Kerrville,  Texas  on  the  first  Sunday  of 
each  month  September  1995  through  May  1996  from  the  same  plant 
growing  on  a  mesquite  host.  The  same  plant  was  used  in  order  to 
control  the  possibility  of  host  variation  and  individual  plant  variation. 

Extraction  Undamaged  leaves  were  collected  and  allowed 

to  dry,  at  room  temperature,  in  open  containers  for  a  minimum  of 
fourteen  days.  After  drying,  approximately  three  grams  of  leaves  were 
crumpled  into  small  pieces,  placed  in  labeled  50-milliliter  Erlenmeyer 
flasks,  and  extracted  in  20  milliliters  of  chromatography  grade  hexane 
(OmniSolve  HX0297-1  EM  Science)  for  96  hours.  The  extracts  were 
removed  from  the  leaves  and  allowed  to  evaporate  for  24  hours.  The 
dry  samples  were  dissolved  in  three  milliliters  of  hexane  and  filtered 
using  a  one-milliliter  syringe  and  25  mm  diameter  PTFE  membrane  with 
0.2  /xm  pore  size  microfilter  disks  (Supelco  ISO-DISC  P-252).  The 
samples  were  stored  at  8°C  until  analyzed. 
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Sample  analysis. — The  samples  were  analyzed  using  a  Hewlett 
Packard  (HP5890II)  capillary  gas  chromatograph  which  was  fitted  with 
a  "split/splitless"  capillary  injector  operated  in  split  mode,  a  flame 
ionization  detector,  and  an  automatic  sampler  (HP7673).  The  column 
of  choice  was  a  Hewlett  Packard  capillary  column  Ultra  1 ,  25  meters  by 
0.2  millimeter  I.D.  and  0.11  micrometer  film  thickness.  Helium  was 
used  as  the  carrier  gas  with  a  head  pressure  of  76  pounds  per  square 
inch  (psi)  and  a  flow  rate  of  0.4  milliliter/minute  (mL/min).  The 
detector  make-up  gas  was  nitrogen  with  a  head  pressure  of  40  psi  and 
a  flow  rate  of  30  mL/min  through  the  detector.  The  flame  gases  were 
air  and  hydrogen  with  head  pressures  of  40  psi  and  18  psi  respectively 
and  flow  rates  of  400  mL/min  and  30  mL/min  respectively.  The  initial 
oven  temperature  was  set  at  100°C,  which  was  increased  to  315  °C  at  a 
rate  of  7.5 °C  per  minute.  The  oven  remained  at  315°C  for  30  minutes 
for  a  total  run  time  of  58.7  minutes.  The  injector  temperature  was 
330°C,  and  the  detector  temperature  was  325 °C. 

Instrument  control,  data  collection,  and  analyses  were  performed 
using  Hewlett  Packard  Series  II  Chemstation  (HP3365)  software  loaded 
on  a  Hewlett  Packard  Vectra  486/33U  computer  where  the  data  was 
stored.  The  chromatograms  were  printed  on  a  Hewlett  Packard  Model 
LaserJet  4  printer. 

Computer  analysis  of  data.— Th&  data  obtained  were  analyzed  using 
Microsoft  Excel  spreadsheet  software.  This  program  was  loaded  onto 
a  Packard-Bell  Statesman  486  microcomputer.  The  results  were  printed 
on  a  Hewlett  Packard  DeskJet  600C  printer. 

Results  and  Discussion 

Visual  comparison  of  chromatograms  of  mistletoes  always  show  some 
differences  in  peak  area  and  retention  times  (Looney  1998).  The  peak 
area  data  were  entered  in  a  spreadsheet,  and  a  standard  deviation  was 
calculated  for  each  peak.  Those  peaks  showing  the  least  difference  in 
standard  deviation  when  comparing  each  group  were  chosen  for  further 
analysis.  This  resulted  in  seven  chromatogram  peaks  to  be  used  for  the 
analysis,  with  the  following  relative  retention  times  (RRT)  4.93,  5.83, 
8.95,  10.00,  10.61,  11.79,  and  11.88  minutes.  A  peak  at  17.9  minutes, 
which  appeared  in  all  chromatograms,  was  used  as  an  internal  standard 
to  calculate  these  RRT  to  ensure  the  identity  of  each  peak.  A  RRT  of 
10.00  minutes  was  assigned  for  the  peak  at  17.9  minutes.  The  data 
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Table  1.  Relative  retention  times  and  peak  areas  for  seasonal  variation  using  seven  peaks. 


RRT 

4.93 

5.83 

8.95 

10.00 

10.61 

11.79 

11.88 

Month 

Sept. 

0.1 

0.1 

53.1 

22.0 

12.2 

11.2 

1.4 

Oct. 

4.1 

1.3 

58.3 

16.5 

14.1 

3.6 

1.6 

Nov. 

8.6 

4.8 

29.0 

26.3 

24.9 

4.8 

1.7 

Dec. 

17.9 

29.7 

13.1 

21.9 

15.5 

0.8 

0.1 

Jan. 

12.9 

40.3 

11.7 

16.0 

16.4 

1.0 

0.1 

Feb. 

21.9 

16.3 

14.1 

15.0 

23.3 

4.1 

1.5 

March 

9.1 

44.6 

8.2 

10.3 

10.7 

8.0 

1.4 

April 

11.6 

49.0 

4.0 

22.2 

10.1 

0.3 

0.7 

May 

12.6 

36.2 

6.4 

19.1 

10.6 

4.4 

1.4 

were  further  treated  by  normalizing  each  peak  area  to  the  total  area  of 
the  seven  peaks  chosen  for  analysis.  This  was  done  in  order  to 
eliminate  any  differences  in  sample  concentration  or  in  size  of  sample 
injected.  Table  1  contains  the  RRT  and  normalized  peak  area  for  the 
samples.  Some  distinct  differences  do  exist,  but  they  are  not  consistent 
across  all  chromatograms.  The  subtle  differences  in  peak  area  are 
difficult  to  compare  when  one  is  comparing  several  chromatograms; 
therefore  the  data  were  subjected  to  a  similarity  index  calculation. 

The  results  of  the  similarity  index  calculations  are  shown  in  Table  2. 
The  similarity  indices  are  quite  different  with  the  best  matches  occurring 
in  adjacent  months  and  the  most  mismatches  occurring  in  distant  months. 
For  example,  when  the  data  from  April  are  compared  to  the  data  from 
May,  a  similarity  index  of  0.986  is  obtained  and  when  data  from 
October  are  compared  to  the  data  from  April,  a  similarity  index  of  0.244 
is  obtained.  The  similarity  indices  further  show  that  the  data  cluster  in 
three  month  intervals.  If  the  month  of  September  is  used  as  the 
expected  value  then  the  months  of  September,  October,  and  November 
cluster  with  a  range  of  similarities  of  0.869  to  1.000  with  an  average 
value  of  0.95 1 .  December,  January  and  February  form  a  second  cluster 
with  similarities  of  0.402  to  0.568  with  an  average  of  0.491,  a  definite 
difference  from  the  first  cluster.  A  third  cluster;  March,  April  and  May 
shows  similarities  compared  to  September  of  0.249  to  0.353  with  an 
average  of  0.301 . 
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Table  2.  Comparison  of  similarity  indices  for  seasonal  variation  using  seven  peaks. 


Expected 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

March 

April 

May 

Sample 

Sept. 

1.000 

0.983 

0.869 

0.504 

0.402 

0.568 

0.302 

0.249 

0.353 

Oct. 

0.983 

1.000 

0.851 

0.510 

0.416 

0.587 

0.301 

0.244 

0.341 

Nov. 

0.869 

0.851 

1.000 

0.752 

0.625 

0.843 

0.472 

0.482 

0.588 

Avg. 

0.951 

0.945 

0.907 

0.589 

0.481 

0.666 

0.358 

0.325 

0.427 

Dec. 

0.504 

0.510 

0.752 

1.000 

0.965 

0.921 

0.884 

0.919 

0.961 

Jan. 

0.402 

0.416 

0.625 

0.965 

1.000 

0.840 

0.967 

0.969 

0.982 

Feb. 

0.568 

0.587 

0.843 

0.921 

0.840 

1.000 

0.723 

0.720 

0.810 

Avg. 

0.491 

0.504 

0.740 

0.962 

0.935 

0.902 

0.858 

0.869 

0.917 

Mar. 

0.302 

0.301 

0.472 

0.884 

0.967 

0.723 

1.000 

0.964 

0.964 

April 

0.249 

0.244 

0.482 

0.919 

0.969 

0.720 

0.964 

1.000 

0.986 

May 

0.353 

0.341 

0.588 

0.961 

0.982 

0.810 

0.964 

0.986 

1.000 

Avg. 

0.301 

0.295 

0.514 

0.921 

0.973 

0.751 

0.976 

0.983 

0.983 

Based  on  these  data,  it  appears  that  the  season  of  collection  of  the 
mistletoe  samples  has  a  dramatic  effect  on  the  chromatographic  pattern. 
This  could  indicate  a  set  of  peaks  that  should  be  avoided  in  analyses  in 
which  the  season  of  collection  is  not  known.  Seasonal  variation  in  the 
triglycerides  in  dwarf  mistletoe  were  studied  and  it  was  found  that  the 
proportion  of  these  compounds  changed  drastically  from  June  to 
October,  which  is  consistent  with  the  results  of  the  current  study  (Tocher 
et.  al.  1982). 


Conclusions 

Mistletoe  is  a  very  complex  biological  specimen  to  study.  Factors 
that  must  be  considered  are  species,  host,  seasonal  variation,  gender, 
and  method  of  collection. 

In  the  current  study,  capillary  gas  chromatography  was  the  method  of 
choice  for  the  analysis  of  samples.  This  method  coupled  with  a 
similarity  index  calculation  helped  to  differentiate  the  mistletoe  samples. 
There  have  been  many  studies  using  these  techniques  on  biological 
samples,  but  little  direct  reference  to  mistletoe  has  been  found  in  the 
current  literature. 
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The  samples  for  this  seasonal  variation  study  show  a  wide  variation 
in  similarity  index.  The  samples  collected  over  the  nine-month  period 
September  1995  through  May  1996  showed  close  similarities  in  adjacent 
months  but  wide  variation  in  distant  months.  These  differences  indicate 
that  season  of  sample  collection  affects  the  chemical  profile  and  is  a 
variable  that  must  be  controlled  in  future  studies  on  mistletoe. 
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HERPETOFAUNAL  ASSEMBLAGES 
OF  FOUR  FOREST  TYPES  FROM  THE  CADDO  LAKE  AREA 
OF  NORTHEASTERN  TEXAS 
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Nacogdoches,  Texas  75962  and 
SoBran,  Inc.,  USEPA,  26  Martin  Luther  King  Drive 
Cincinatti,  Ohio  45268 

Abstract. — The  herpetofauna  on  the  Longhorn  Army  Ammunition  Plant  (LHAAP)  near 
Caddo  Lake  in  northeastern  Texas  were  surveyed  in  each  of  four  forest  types:  bottomland 
hardwood,  sideslope  hardwood,  mixed  pine-hardwood  and  upland  pine.  During  1996  and 
1997,  2,028  amphibians  of  17  species  and  1,397  reptiles  of  28  species  were  captured. 
Herpetofaunal  species  richness  for  the  bottomland  hardwood,  sideslope  hardwood,  mixed 
pine-hardwood  and  upland  pine  areas  were  38,  35,  28  and  28,  and  abundances  were  1,188, 
1,373,  526  and  338,  respectively.  Species  composition  among  the  four  forest  types  differed 
significantly  (P  -  0.005).  A  change  in  elevation  created  a  natural  moisture  gradient  across 
the  four  forest  types  which  apparently  accounted  for  the  differences  in  amphibian,  snake  and 
turtle  assemblages.  Differences  in  lizard  assemblages  were  most  likely  related  to  complexity 
of  habitat  structure. 


Studies  have  demonstrated  the  potential  importance  of  reptiles  and 
amphibians  in  food  webs.  Burton  &  Likens  (1975)  estimated  the 
biomass  of  salamanders  in  New  Hampshire  to  be  twice  the  avian 
biomass  and  equal  to  the  small  mammal  biomass.  Parker  &  Plummer 
(1987)  noted  that  the  biomass  of  a  central  Arkansas  population  of  rough 
green  snakes  (Opheodrys  aestivus)  was  7.1  kg/ha.  Using  growth  rates 
reported  in  Plummer  (1985),  they  calculated  the  biomass  production  of 
this  population  to  be  4.0  kg/ha/yr.  They  noted  that  this  was  greater  than 
the  maximum  biomass  production  values  for  birds  and  carnivorous 
mammals  as  reported  by  Ricklefs  (1979)  and  Iverson  (1982). 

Several  studies  have  been  conducted  which  dealt  exclusively  with  the 
habitat  associations  of  the  herpetofauna  of  eastern  Texas.  In  the 
Angelina  National  Forest,  Rakowitz  (1983)  and  Whiting  et  al.  (1987) 
compared  the  herpetofaunal  assemblages  in  different-aged  pine  stands 
and  found  that  lizard  assemblages  differed  in  species  composition  and 
abundance  among  four  different- aged  stands.  Also  in  the  Angelina 
National  Forest,  Reid  &  Whiting  (1994)  compared  the  herpetofauna  of 
five  pitcher  plant  (Sarracenia  alata)  bogs  to  that  of  five  adjacent  pine 
stands,  recording  more  amphibian  species  and  individuals  in  bogs  and 
more  reptile  individuals  in  adjacent  pine  forests.  Presumably,  these 
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differences  were  the  result  of  the  presence  of  standing  water  in  the  bogs. 
Ford  et  al.  (1991)  reported  species  diversity  and  seasonal  abundance  of 
snakes  in  Smith  County,  Texas,  across  upland  deciduous  woodland, 
lowland  floodplain  and  upland  coniferous  woodland  habitat  types. 
Upland  deciduous  woodland  had  the  greatest  species  richness,  lowland 
floodplain  the  highest  number  of  individuals,  and  upland  coniferous 
woodland  the  fewest  numbers  of  species  and  individuals. 

Based  on  museum  collections.  Hardy  (1995)  compiled  a  comprehen¬ 
sive  list  of  the  amphibians  and  reptiles  occurring  in  the  Caddo  Lake 
watershed  in  northeastern  Texas;  however,  no  studies  have  been 
conducted  on  the  herpetofaunal  assemblages  associated  with  the  forest 
types  surrounding  Caddo  Lake.  An  understanding  of  the  herpetofaunal 
assemblages  will  better  the  understanding  of  the  ecology  of  this  unique 
area,  as  well  as  aid  land  managers  and  planners  in  making  conservation 
decisions.  The  objective  of  this  study  was  to  compare  the  herpetofaunal 
assemblages  associated  with  four  forest  types  on  the  Longhorn  Army 
Ammunition  Plant  (LHAAP)  in  Harrison  County,  Texas  near  Caddo 
Lake.  In  1941,  the  land  for  LHAAP  was  purchased  by  the  federal 
government  and  logging  was  excluded  from  the  facility  until  1969. 
Logging  activities  since  1969  have  been  restricted  to  the  upland  pine 
areas.  All  forest  stands  chosen  for  this  study  were  approximately  45 
years  of  age. 


Methods 

Two  study  areas  of  at  least  10  ha  each  were  selected  from  each  of 
four  forest  types  (bottomland  hardwood,  sideslope  hardwood,  mixed 
pine-hardwood,  upland  pine).  Within  each  study  area,  four  circular 
plots,  each  measuring  69.1  m  in  radius  (1.5  ha)  were  established.  The 
borders  of  the  circular  plots  were  no  less  than  10  m  apart  and  all  plots 
were  a  minimum  of  75  m  from  their  forest  type  edge. 

Bottomland  hardwood  stands  were  lowest  in  elevation,  had  permanent 
waterways  running  through  them  and  were  frequently  flooded.  Side- 
slope  hardwood  areas  were  mesic  and  were  located  adjacent  to,  but  at 
a  higher  elevation  than  bottomland  hardwood  areas.  Mixed  pine- 
hardwood  areas  were  less  mesic  and  at  a  higher  elevation  than  the 
sideslope  hardwood  areas.  Upland  pine  areas  were  at  the  highest 
elevation  and  were  most  xeric. 
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Characteristics  of  ground  cover  and  organic  debris,  understory 
vegetation  (0. 5-3.0  m),  midstory  and  overstory  vegetation,  and  canopy 
closure  were  measured  on  the  study  areas.  The  sampling  procedures  for 
these  habitat  parameters  are  described  in  detail  by  Daniel  &  Fleet 
(1999). 

Herpetofauna  Trapping  arrays  were  variations  of  those 

used  by  Fitch  (1951),  Vogt  &  Hine  (1982)  and  Whiting  et  al.  (1987). 
One  three-armed  drift  fence  array  and  one  single-arm  drift  fence  were 
installed  on  each  of  the  32  plots.  The  3-arm  arrays  were  installed  near 
plot  center  and  consisted  of  three  9. 14  by  0.91  m  erosion  control  cloth 
fences  radiating  from  a  central  point.  The  fences  were  positioned  at 
approximately  120®  to  one  another.  A  single  drift  fence  was  installed 
about  40  m  from  each  plot  center  and  consisted  of  one  9. 14  by  0.91  m 
erosion  control  cloth.  Hardware  cloth  funnel  traps  were  placed  on  both 
sides  of  both  ends  of  each  arm.  Because  smaller  animals  can  escape 
through  the  mesh  of  the  hardware  cloth,  aluminum  screenwire  funnel 
traps  and  pitfall  traps  were  also  installed.  Screenwire  funnel  traps  were 
installed  at  the  distal  ends  of  each  3-arm  array  and  pitfall  traps  were 
installed  at  the  center  of  each  3-arm  array  and  at  the  ends  of  each  single 
fence.  Because  the  high  water  table  in  the  bottomland  areas  would  flood 
pitfall  traps,  additional  screenwire  funnel  traps  were  used  in  place  of 
pitfall  traps. 

To  survey  treefrogs,  the  method  of  Moulton  et  al.  (1996)  was  used. 
One  meter  lengths  of  5  cm  diameter  PVC  were  vertically  inserted  into 
the  ground  to  a  depth  of  approximately  10  cm.  One  pipe  was  installed 
near  each  single  fence  and  3-arm  array.  Chicken  wire  turtle  traps  were 
placed  in  the  permanent  watercourses  in  each  of  the  eight  bottomland 
hardwood  plots.  To  create  artificial  cover  to  be  used  by  herpetofauna, 
one  1 .22  by  2.44  m  and  one  2.44  by  2.44  m  plywood  sheet  were  placed 
near  each  3-arm  array.  In  addition  to  the  above  trapping  methods, 
herptetofauna  captured  by  hand  within  the  1.5  ha  plots  while  traps  were 
being  checked  were  recorded  and  included  in  the  data  analysis. 

The  trapping  system  was  checked  three  times  per  week  from  16 
March  through  30  June  1996,  27  September  through  23  October  1996, 
and  19  March  through  23  June  1997.  Captured  animals  were  marked 
to  prevent  counting  previously  captured  animals. 

Data  analysis each  forest  type,  species  richness,  species 
diversity  (H!  =  In  pj),  and  evenness  (J!  =  H!/  were  calculat- 
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Table  1.  Abundance  and  species  diversity  of  herpetofauna  in  bottomland  hardwood  (BH), 
sideslope  hardwood  (SH),  mixed  pine-hardwood  (MX)  and  upland  pine  (UP)  forest  types 
at  the  LHAAP  in  Harrison  County,  Texas. 


Species 

BH 

SH 

MX 

UP 

Total 

Salamanders 


Eurycea  quadridigitata 

— 

— 

— 

02 

02 

Ambystoma  maculatum 

02 

06 

03 

02 

13 

Ambystoma  opacum 

03 

32 

05 

06 

46 

Ambystoma  talpoideum 

11 

07 

— 

05 

23 

Amphiuma  tridactylum 

01 

— 

— 

— 

01 

Siren  intermedia 

18 

— 

— 

— 

18 

No.  of  salamander  species 

05 

03 

02 

04 

06 

No.  of  individual  salamanders 

35 

45 

08 

15 

103 

Shannon  diversity  (H’) 

1.18 

0.80 

0.66 

1.27 

1.38 

Evenness  (J’) 

0.73 

0.51 

0.66 

0.64 

0.54 

Anurans 

Acris  crepitans 

46 

28 

41 

01 

116 

Pseudacris  streckeri 

01 

— 

— 

— 

01 

Pseudacris  triseriata 

05 

36 

12 

— 

53 

Hyla  cinerea 

35 

74 

64 

16 

189 

Hyla  chrysoscelis /versicolor 

04 

16 

03 

16 

39 

Rana  catesbeiana 

28 

36 

05 

01 

70 

Rana  clamitans 

535 

619 

84 

07 

1245 

Rana  utricularia 

58 

17 

02 

03 

80 

Gastrophryne  carolinensis 

05 

11 

— 

06 

22 

Bufo  valliceps 

57 

35 

03 

05 

100 

Bufo  woodhousii 

03 

07 

— 

— 

10 

No.  of  anuran  species 

11 

10 

08 

08 

11 

No.  of  individual  anurans 

111 

879 

214 

55 

1925 

Shannon  diversity  (H’) 

1.19 

1.09 

1.46 

1.74 

1.35 

Evenness  (J’) 

0.50 

0.47 

0.70 

0.84 

0.56 

Turtles 

Terrapene  Carolina 

02 

03 

02 

04 

11 

Trachemys  scripta 

09 

06 

— 

— 

15 

Graptemys  pseudogeographica 

01 

— 

— 

— 

01 

Chelydra  serpentina 

02 

— 

— 

— 

02 

Macroclemys  temminckii 

01 

— 

— 

— 

01 

No.  of  turtle  species 

05 

02 

01 

01 

05 

No.  of  individual  turtles 

15 

09 

02 

04 

30 

Shannon  diversity  (H’) 

1.21 

0.64 

0.00 

0.00 

1.12 

Evenness  (J’) 

0.75 

0.92 

— 

— 

0.70 

Lizards 

Anolis  carolinensis 

20 

58 

31 

42 

151 

Eumeces  fasciatus 

26 

31 

36 

30 

123 

Eumeces  laticeps 

36 

85 

77 

55 

253 

Scincella  lateralis 

28 

62 

13 

57 

160 

No.  of  lizard  species 

04 

04 

04 

04 

04 

No.  of  individual  lizards 

110 

236 

157 

184 

687 

Shannon  diversity  (H’) 

1.37 

1.33 

1.21 

1.36 

1.35 

Evenness  (J’) 

0.98 

0.96 

0.88 

0.98 

0.97 
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Table  1  cont. 


Species 

BH 

SH 

MX 

UP 

Total 

Snakes 

Storeria  dekayi 

06 

03 

09 

Storeria  occipitomaculata 

— 

01 

— 

01 

02 

Virginia  striatula 

— 

— 

— 

02 

02 

Lampropeltis  calligaster 

— 

02 

— 

— 

02 

Lampropeltis  getula 

15 

08 

20 

06 

49 

Lampropeltis  triangulum 

— 

02 

08 

05 

15 

Coluber  constrictor 

18 

14 

20 

14 

66 

Opheodrys  aestivus 

— 

01 

— 

01 

02 

Elaphe  obsoleta 

09 

18 

13 

06 

46 

Heterodon  platirhinos 

— 

— 

01 

— 

01 

Thamnophis  proximus 

38 

57 

27 

23 

145 

Farancia  abacura 

04 

02 

01 

— 

07 

Nerodia  cyclopion 

10 

01 

01 

— 

12 

Nerodia  erythrogaster 

26 

14 

09 

01 

50 

Nerodia  fasciata 

57 

18 

15 

— 

90 

Nerodia  rhombifer 

05 

01 

03 

— 

09 

Regina  rigida 

03 

— 

— 

— 

03 

Agkistrodon  contortrix 

29 

44 

25 

19 

117 

Agkistrodon  piscivorus 

31 

18 

02 

02 

53 

No.  of  snake  species 

13 

16 

13 

1 1 

19 

No.  of  individual  snakes 

251 

204 

145 

80 

680 

Shannon  diversity  (H’) 

2.26 

2.13 

2.19 

1.92 

2.31 

Evenness  (J’) 

0.88 

0.77 

0.85 

0.80 

0.78 

Total  species 

38 

35 

28 

28 

45 

Total  individuals 

1188 

1373 

526 

338 

3425 

ed  (Krebs  1989).  Using  the  Monte  Carlo  simulation  method  (Manly 
1997),  contingency  table  data  were  examined  to  determine  if  the 
herpetofaunal  assemblages  of  the  four  forest  types  differed  significantly 
{P  <  0.05).  Captures  among  forest  type  were  compared  using  Kruskal- 
Wallis  nonparametric  one-way  analysis  of  variance  and  Nemenyi  multi¬ 
ple  comparisons  (Dowdy  &  Wearden  1991;  Zar  1996). 

To  quantify  the  similarities  of  animal  assemblages  between  the 
different  forest  types,  Sorensen’s  percent  similarity  was  calculated  for 
each  of  the  six  possible  pairs  of  vegetation  types  (Smith  1992). 

Results  and  Discussion 

Vegetation  analysis.— of  the  statistical  analyses  of  the 
vegetation  of  the  four  forest  types  are  reported  in  Daniel  &  Fleet  (1999). 
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Importance  values  of  the  midstory/overstory  taxa  were  shown  to  be 
significantly  different  among  the  four  forest  types  {P  <  0.05).  There 
was  significantly  more  grass  in  the  bottomland  hardwood  and  sideslope 
hardwood  areas  than  in  the  mixed  pine-hardwood  and  upland  pine  areas 
{P  <  0.005).  There  was  significantly  more  herbaceous  ground  cover 
in  bottomland  hardwood  areas  than  in  the  mixed  pine-hardwood  and  up¬ 
land  pine  areas  and  significantly  less  in  upland  pine  than  in  the  sideslope 
(F<0.01).  Amount  of  organic  debris  in  bottomland  hardwood  areas 
was  significantly  less  than  that  in  the  mixed  pine-hardwood  and  upland 
pine  areas  {P  <  0.01)  and  there  was  significantly  more  bare  soil  in  the 
bottomland  hardwood  areas  than  in  the  other  forest  types  (P<0.05). 
Likewise  litter  depth  in  the  bottomland  areas  was  significantly  less  than 
the  depth  of  litter  in  the  mixed  pine-hardwood  and  upland  pine  areas  (P 
<  0.05). 

Herpetofauna  sampling.— A\mi\d2inct,  species  diversity  and  evenness 
of  the  herpetofauna  from  the  four  forest  types  are  listed  in  Table  1. 
Because  biases  could  result  from  the  use  of  screenwire  funnel  traps  in 
the  place  of  pitfall  traps  in  bottomland  hardwood  forest  (Shields  1985; 
Greenberg  et  al.  1994),  data  were  analyzed  both  with  and  without  the 
captures  from  the  pitfall  and  screenwire  traps.  However,  removing  the 
pitfall  and  screenwire  trap  data  did  not  change  the  results.  A  Kruskal- 
Wallis  analysis  performed  with  and  without  pitfall  and  screenwire  funnel 
trap  captures  both  showed  that  numbers  of  individuals  differed  signifi¬ 
cantly  among  forest  types  (P  <  0.005;  Table  2)  and  Nemenyi  tests,  in 
both  cases,  showed  that  bottomland  hardwood  and  sideslope  hardwood 
had  significantly  more  herpetofauna  than  did  mixed  pine-hardwood  and 
upland  pine  (P  <  0.02).  Similarly,  a  Monte  Carlo  analysis  with  and 
without  screenwire  funnel  trap  and  pitfall  trap  captures  showed  that 
species  composition  differed  significantly  across  forest  types  in  both 
cases  (P  =  0.005).  Because  these  analyses  demonstrate  that  the  trapping 
methods  used  in  bottomland  hardwood  areas  produced  similar  results  as 
those  used  in  other  forest  types,  herpetofauna  captured  in  screenwire 
funnel  traps  and  pitfall  traps  were  included  in  the  remainder  of  the 
analyses. 

Amphibians. — Species  composition  of  salamanders  differed  significant¬ 
ly  among  forest  types  (P  =  0.005),  however,  there  was  no  significant 
difference  in  salamander  numbers  among  forest  types.  The  difference 
in  salamander  species  composition  probably  reflects  the  presence  of 
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Table  2.  Numbers  of  individual  herpetofauna  captured  by  each  of  the  survey  techniques  used 
in  the  bottomland  hardwood,  sideslope  hardwood,  mixed  pine-hardwood  and  upland  pine 
study  areas. 


Means  of  Capture 

Forest  Type 

Bottom 

Sideslope 

Mixed 

Pine 

Hardware  cloth  funnel  trap 

1,025 

1,160 

426 

215 

Screenwire  funnel  trap 

79 

61 

15 

29 

Pitfall  trap 

— 

30 

14 

32 

PVC  treefrog  trap 

18 

54 

38 

23 

Aquatic  turtle  trap 

5 

— 

— 

— 

Artificial  cover  board 

14 

7 

5 

12 

Hand  captured 

47 

61 

28 

27 

aquatic  salamanders  (i.e.,  Amphiurna  tridactylum  and  Siren  intermedia) 
unique  to  the  bottomland  hardwood  areas  and  the  disproportionate 
number  of  marbled  salamanders  {Amby stoma  opacum)  (69.6%)  captured 
in  the  sideslope  hardwood  areas. 

Anurans  made  up  56.2%  of  all  herpetofauna  captured  and  anuran 
species  composition  differed  significantly  among  forest  types  {P  = 
0.005).  Moreover,  there  was  a  significant  difference  in  anuran  numbers 
{P  <  0.001).  Bottomland  hardwood  had  significantly  greater  numbers 
of  anurans  than  mixed  pine-hardwood  and  upland  pine,  and  upland  pine 
had  significantly  fewer  numbers  of  anurans  than  did  the  other  forest 
types. 

The  low  evenness  and  diversity  for  bottomland  hardwood  and  side- 
slope  hardwood  were  caused  primarily  by  large  numbers  of  a  single 
species,  the  green  frog  {Rana  clamitans),  captured  in  those  forest  types. 
Approximately  95  %  of  the  green  frogs  captured  in  bottomland  hardwood 
and  sideslope  hardwood  were  newly  metamorphosed  juveniles.  These 
juveniles  were  probably  produced  in  or  near  the  bottomland  hardwood 
areas  and  were  using  the  sideslope  hardwood  areas  as  emigration  routes 
to  other  water  bodies. 

Low  amphibian  numbers  in  mixed  pine-hardwood  and  upland  pine 
were  probably  the  result  of  low  moisture  levels  in  those  areas  and  in  the 
case  of  the  more  aquatic  ranid  anurans  distance  to  permanent  water  was 
probably  a  factor.  Of  the  1,395  captured  ranids,  only  102  (7.3%)  were 
captured  in  the  mixed  pine-hardwood  or  upland  pine  areas. 

Reptiles eight  aquatic  turtle  traps  used  in  the  bottomland 
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hardwood  areas  yielded  five  sliders  (Trachemys  scripta)  (Table  2). 
Because  the  numbers  of  turtles  were  small  and  because  turtle  traps  were 
used  only  in  the  bottomland  hardwood  areas,  turtles  were  excluded  from 
statistical  analyses.  However,  it  is  noteworthy  that  only  two  species  of 
turtles  were  captured  in  areas  other  than  the  bottomland  hardwood  areas, 
i.e.,  the  terrestrial  eastern  box  turtle  (Terrapene  Carolina)  and  the  slider. 
The  eastern  box  turtle  was  captured  in  relatively  small  numbers  in  all 
forest  types  and  the  slider  was  only  captured  in  bottomland  hardwood 
and  sideslope  hardwood.  Sliders  captured  in  sideslope  hardwood  were 
adult  females  and  hatchlings.  Presumably,  adult  females  were  moving 
into  the  sideslope  hardwood  areas  for  oviposition.  The  remaining  three 
turtle  species  are  aquatic  and  would  not  be  expected  to  travel  any  great 
distance  from  permanent  water  bodies. 

Lizard  species  composition  differed  significantly  among  forest  types 
{P  =  0.005),  and  lizard  numbers  differed  significantly  among  forest 
types  (F<0.05).  Number  of  lizards  in  sideslope  hardwood  was  signifi¬ 
cantly  greater  than  the  number  of  lizards  in  the  other  forest  types  and 
lizard  numbers  in  bottomland  hardwood  were  significantly  fewer  than 
those  in  sideslope  hardwood  and  upland  pine  {P  <  0.05). 

With  253  individuals  captured,  the  broadhead  skink  (Eumeces 
laticeps)  was  the  most  abundant  lizard  and  reptile,  and  the  second  most 
abundant  species  captured.  Most  skinks  prefer  to  use  terrestrial  debris 
for  refuge  (Conant  &  Collins  1998).  The  small  amount  of  such  habitat 
in  the  bottomland  hardwood  areas  is  a  possible  explanation  for  the 
relatively  few  numbers  of  five-lined  skinks  {Eumeces  fasciatus),  ground 
skinks  {Scincella  lateralis)  and  broadhead  skinks  in  those  areas. 

Snake  species  composition  differed  significantly  among  forest  types 
{P  —  0.005),  and  there  was  a  significant  difference  in  snake  numbers 
among  the  four  forest  types  {P  <  0.001).  Bottomland  hardwood,  side- 
slope  hardwood,  and  mixed  pine-hardwood  had  significantly  greater 
snake  numbers  than  upland  pine,  and  the  snake  numbers  in  bottomland 
hardwood  were  significantly  greater  than  in  mixed  pine-hardwood. 
However,  sideslope  hardwood  numbers  were  not  significantly  different 
from  bottomland  hardwood  or  mixed  pine-hardwood. 

Eight  species  of  snakes  made  up  90.6%  of  all  snake  captures.  Five 
of  these,  i.e.,  common  kingsnake  (Lampropeltis  getula),  eastern  racer 
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{Coluber  constrictor),  eastern  rat  snake  (Elaphe  obsoleta),  western 
ribbon  snake  (Thamnophis  proximus)  and  copperhead  {Agkistrodon 
contortrix),  are  considered  to  be  generalists  in  their  habitat  and/or  their 
prey  preferences  (Conant  &  Collins  1998).  These  species  were  relative¬ 
ly  evenly  distributed  among  the  four  forest  types,  although  in  each  case, 
the  fewest  were  captured  in  upland  pine.  The  remaining  three  abundant 
snakes,  i.e.  redbelly  water  snake  {Nerodia  erythrogaster) ,  southern  water 
snake  {N.  fasciata)  and  cottonmouth  {Agkistrodon  piscivorus) ,  are  semi- 
aquatic  and  were  found  primarily  in  the  bottomland  hardwood  and  side- 
slope  hardwood  areas  (Table  1).  The  relatively  few  snakes  captured  in 
mixed  pine-hardwood  and  upland  pine  are  likely  related  to  the  lack  of 
moisture  in  those  areas.  Eight  of  the  19  snake  species,  i.e.,  western 
ribbon  snake,  mud  snake  {Farancia  abacura),  Mississippi  green  water 
snake  (A/,  cyclopion),  redbelly  water  snake,  southern  water  snake, 
diamondback  water  snake  {N,  rhotnbifer),  glossy  crayfish  snake  {Regina 
rigida)  and  cottonmouth,  are  considered  to  be  aquatic  or  semiaquatic 
(Conant  &  Collins  1998).  Mixed  pine-hardwood  and  upland  pine  areas 
were  at  the  highest  elevation  and  the  greatest  distance  from  a  permanent 
water  source  and  only  84  of  the  369  (22.8%)  individuals  from  the  eight 
aquatic/semiaquatic  snake  species  were  captured  in  those  areas,  50  of 
which  were  western  ribbon  snakes  (Table  1).  Also,  because  many  snake 
species  prey  upon  amphibians,  it  is  likely  that  the  fewest  snakes  were 
found  in  mixed  pine-hardwood  and  upland  pine  because  those  areas  had 
the  fewest  amphibians. 

Snake  assemblages  from  this  study  were  comparable  to  those  from 
Ford  et  al.  (1991).  They  reported  the  Shannon  species  diversity  (H’)  for 
the  snake  assemblages  in  the  lowland  floodplain,  upland  deciduous 
woodlands  and  upland  coniferous  woodland  in  a  northeastern  Texas 
preserve  of  2.00,  2.19  and  1.73,  respectively.  Similarly,  H’  for  this 
current  study’s  bottomland  hardwood,  mixed  pine-hardwood  and  upland 
pine  at  the  LHAAP  were  2.26,  2.19  and  1.92,  respectively  (Table  1). 
Findings  reported  in  this  study  were  also  similar  to  Ford  et  al.  (1991) 
in  that  bottomland  hardwood  areas  had  the  most  individuals  and  the 
upland  pine  the  fewest  individuals  and  species. 

Conclusions 

Analyses  of  herpetofaunal  captures  indicate  that  the  four  forest  types 
had  a  distinct  amphibian  and  reptile  assemblage.  Although  45  species 
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Table  3.  Sorensen’s  percent  similarity  of  herpetofaunal  assemblages  between  each  of  the  six 
possible  pairs  of  forest  types. 


Similarity  by  Forest  Type 


Sideslope 

Mixed 

Pine 

Bottom 

80.43 

50.20 

29.58 

Sideslope 

— 

58.31 

43.32 

Mixed 

— 

— 

60.06 

were  recorded  during  the  study,  only  21  (46.7%)  were  recorded  in  all 
four  forest  types.  In  order  to  quantify  the  differences  between  forest 
types,  Sorensen’s  percent  similarity  (Smith  1992)  was  calculated  for  each 
of  the  six  possible  pairs  of  forest  types  (Table  3).  These  calculations 
showed  that  bottomland  hardwood  and  sideslope  hardwood  were  the 
most  similar  and  bottomland  and  upland  pine  were  the  least  similar. 
The  remaining  similarities  are  intermediate  and  seem  to  reflect  distances 
on  the  moisture  and  elevation  gradients. 

Thus,  a  majority  of  the  differences  in  individual  abundance  and 
species  richness  among  the  forest  types  can  be  best  related  to  elevation 
and  moisture.  The  Kruskal-Wallis  one-way  analysis  and  the  Nemenyi 
pairwise  comparisons  showed  a  general  trend  of  more  herpetofauna 
occurring  in  the  two  forest  types  of  lowest  elevation  and  greatest 
moisture  (i.e.,  bottomland  hardwood  and  sideslope  hardwood)  than  in 
the  two  forest  types  that  had  the  highest  elevations  and  the  least  moisture 
(i.e.,  mixed  pine-hardwood  and  upland  pine).  Because  amphibians  and 
most  turtles  need  aquatic  habitat  and  many  snakes  rely  on  amphibians  as 
a  source  of  food,  or  on  water  for  habitat,  areas  with  little  or  no  water 
will  necessarily  have  fewer  amphibians,  snakes,  and  turtles. 
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A  PHYTOSOCIOLOGICAL  DESCRIPTION  OF 
A  REMNANT  BOTTOMLAND  HARDWOOD  FOREST 
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Abstract. — A  remnant  bottomland  hardwood  forest  near  Denton,  Texas  was  surveyed  in 
order  to  describe  its  phytosociological  composition.  Hackberry,  cedar  elm  and  green  ash 
dominate  the  site  with  respect  to  basal  area,  density  and  frequency  in  the  forest.  Importance 
values  for  these  three  dominant  species  are  40%,  28%  and  10%,  respectively.  Snag  density 
was  found  to  be  57  per  hectare.  Cluster  analyses  of  plot  metrics  indicate  a  patchy  forest. 
Many  trees  were  found  to  be  well  over  200  years  old,  indicating  that  the  forest  predates  any 
significant  Anglo  settlement.  These  results  indicate  that  the  forest  may  be  classified  as 
transitional  old-growth  of  the  hackberry /elm/ash  forest  type.  Because  of  its  unique  status  as 
a  relatively  intact  north  Texas  bottomland  hardwood  forest,  the  data  obtained  from  this  site 
can  be  used  for  comparisons  with  other  bottomland  forests,  and  as  a  guideline  for  future 
restoration  efforts  throughout  the  northwestern  region  of  the  southern  bottomland  forests. 


The  bottomland  hardwood  ecosystem  in  Texas  prior  to  European 
settlement  once  extended  over  6.5  million  hectares;  it  is  estimated  that 
less  than  40%  of  this  original  extent  still  remains  (Frye  1986),  with  only 
a  few  small  and  isolated  patches  of  old  growth  scattered  amongst  the 
floodplains  of  the  eastern  third  of  the  state.  Intact  bottomland  hardwood 
forests  are  among  the  list  of  endangered  ecosystems  in  the  United  States; 
in  the  past  50  years,  losses  of  these  forest  have  at  times  been  greater 
than  120,000  ha  per  year  (MacDonald  et  al.  1979,  as  cited  in  King 
1996).  This  survey  was  undertaken  in  order  to  analyze  and  classify  a 
remnant  bottomland  forest,  the  results  of  which  can  be  used  to  assist 
future  ecological  management  and  restoration  of  these  disappearing 
ecosystems  (Shear  et  al.  1996;  Michener  1997). 

Study  Site 

The  site  is  a  bottomland  hardwood  forest  of  approximately  93  ha, 
lying  within  the  Cross  Timbers  and  Prairies  physiogeographic  province 
of  north-central  Texas.  The  forest  is  located  at  UTM  coordinates 
682045  W  and  3684420  N  (Zone  14),  along  the  banks  of  the  Elm  Fork 
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of  the  Trinity  River  approximately  10  km  northeast  of  downtown  Denton 
in  Denton  County.  It  is  located  within  the  Lewisville  Lake  Wildlife 
Restoration  Area,  which  is  owned  and  managed  by  the  U.S.  Army 
Corps  of  Engineers. 

The  forest  lies  on  the  Elm  Fork’s  floodplain.  The  site  is  covered  by 
a  layer  of  silty  clay  loam,  classified  by  the  USDA  as  Ovan  clay,  a  soil 
type  most  often  found  on  the  floodplains  of  major  regional  streams  (Ford 
&  Pauls  1980).  This  series  resides  within  the  family  of  fine,  montmoril- 
lonitic,  thermic  Udic  Chromusterts  soils.  Both  the  permeability  and  the 
surface  runoff  of  the  soil  are  reported  as  slow  (Ford  &  Pauls  1980). 

Methods  and  Materials 

A  grid  of  128  circular  plots  (each  100  m^)  was  laid  out  and  sampled 
using  standard  forestry  metrics,  including  diameter  at  breast  height 
(dbh),  density  and  frequency  of  occurrence.  A  total  of  972  trees  were 
sampled  within  the  plot  areas. 

For  determination  of  age,  24  specimens  of  hackberry,  13  specimens 
of  green  ash  and  4  specimens  of  bur  oak  through  all  size  classes  were 
randomly  selected  for  increment  boring.  After  obtaining  the  dbh  of  each 
tree,  a  16  inch  increment  borer  with  a  0.2  inch  diameter  was  drilled  into 
the  tree  at  breast  height  to  obtain  a  core  sample.  The  rings  on  each  core 
sample  were  double  counted  in  the  field.  The  cores  were  then  replaced 
in  the  hole  and  covered  with  a  dab  of  mud  to  prevent  insect  intrusion 
into  the  tree’s  bole. 

Importance  values  for  each  species  were  calculated  for  the  forest 
through  an  averaging  of  relative  dominance  (basal  area  per  unit  area 
sampled),  density  and  frequency  of  occurrence  values.  Linear  regres¬ 
sion  was  performed  on  age  class  and  dbh  data  for  the  three  species 
chosen  for  age  class  analysis.  Regression  was  tested  at  an  a =0.05,  and 
descriptive  statistics  were  also  generated  in  order  to  obtain  95% 
confidence  limits.  Cluster  analyses  were  used  to  determine  the  relative 
similarity  of  the  individual  plots.  K-Means  clustering  was  used  for 
specified  cluster  designation,  the  complete  linkage  joining  algorithm  was 
used  in  order  to  maximize  differences  between  plot  distance  values, 
percent  disagreement  distance  algorithm  was  used  for  categorical 
(presence/absence)  data,  and  city-block  distance  algorithm  was  used  for 
continuous  data  in  order  to  minimize  the  effects  of  extreme  values. 
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Table  1.  Tree  species  encountered  in  the  relict  bottomland  forest. 


Common  Name 

Scientific  Name 

Box  elder 

Acer  negundo 

Chittamwood 

Bumelia  lanuginosa 

Pecan 

Carya  illinoensis 

Sugar  hackberry 

Celtis  laevigata 

American  hackberry 

Celtis  occidentalis 

Rough-leaf  dogwood 

Cornus  drummondii 

Hawthorn 

Crataegus  spp. 

Common  persimmon 

Diospyros  virginiana 

Green  ash 

Fraxinus  pennsylvanica 

Honey  locust 

Gleditsia  triacanthos 

Black  walnut 

Juglans  nigra 

Eastern  red  cedar 

Juniperus  virginiana 

Bois  d’arc 

Madura  pomifera 

Red  mulberry 

Morus  rubra 

American  sycamore 

Platanus  occidentalis 

Eastern  cottonwood 

Populus  deltoides 

Bur  oak 

Quercus  macrocarpa 

Shumard  oak 

Quercus  shumardii 

Black  willow 

Salix  nigra 

Eve’s  necklace 

Sophora  affinis 

Winged  elm 

Ulmus  alata 

American  elm 

Ulmus  americana 

Cedar  elm 

Ulmus  crassifolia 

Slippery  elm 

Ulmus  rubra 

Results 

This  forest  contains  at  least  24  different  tree  species,  the  most 
common  of  which  include  sugar  hackberry  {Celtis  laevigata),  American 
hackberry  {Celtis  occidentalis) ,  green  ash  {Fraxinus  pennsylvanica), 
eastern  cottonwood  {Populus  deltoides),  bur  oak  {Quercus  macrocarpa), 
American  elm  (Ulmus  americana),  cedar  elm  {Ulmus  crassifolia)  and 
slippery  elm  {Ulmus  rubra).  In  the  understory,  common  trees  include 
hawthorn  {Crataegus  spp.),  box  elder  {Acer  negundo),  Eve’s  necklace 
{Sophora  affinis)  and  bois  d’arc  {Madura  pomifera).  Table  1  lists  all 
tree  species  encountered  within  this  forest. 

Table  2  gives  the  importance  values  of  each  tree  species  found  within 
sampling  plots.  Hackberry  and  cedar  elm  dominate  this  forest  with 
respect  to  basal  area,  density  and  frequency  in  the  forest.  The  forest  is 
dominated  by  hackberry,  cedar  elm  and  green  ash;  hackberry  had  an 
importance  value  of  40.19%,  while  cedar  elm  had  an  importance  value 
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Table  2.  Importance  values  of  sampled  tree  species. 


Species 

Relative 

Dominance 

Relative 

Density 

Relative 

Frequency 

Importance 

Value 

Celtis  occidentalis  &  C.  laevigata 

53.61 

39.81 

27.14 

40.19 

Ulmus  crassifolia 

38.33 

23.56 

22.49 

28.13 

Fraxinus  pennsylvanica 

4.17 

12.14 

12.22 

9.51 

Snags 

1.29 

7.51 

12.71 

7.17 

Juglans  nigra 

0.15 

4.22 

5.62 

3.33 

Quercus  macrocarpa 

1.98 

2.37 

5.13 

3.16 

Bumelia  lanuginosa 

0.15 

1.95 

4.40 

2.17 

Madura  pomifera 

0.23 

2.26 

3.67 

2.05 

Crataegus  spp. 

0.05 

2.47 

2.20 

1.57 

Acer  negundo 

0.02 

1.44 

0.73 

0.73 

Morus  rubra 

0.00 

0.72 

1.47 

0.73 

Ulmus  rubra 

0.00 

0.51 

0.74 

0.42 

Sophora  affinis 

0.00 

0.51 

0.49 

0.33 

Quercus  shumardii 

0.02 

0.31 

0.49 

0.27 

Gleditsia  triacanthos 

0.00 

0.11 

0.25 

0.12 

Broussonetia  papyrifera  (shrub) 

0.00 

0.11 

0.25 

0.12 

Sum 

100.00 

100.00 

100.00 

100.00 

Table  3.  Summary  results  of  forest  composition  survey  based 

on  plot  analysis. 

Species 

Dominance 

(mVha) 

Density' 

(trees/ha) 

Frequency 
(#  plots) 

Celtis  occidentalis  &  C.  laevigata 

2981.31 

302 

111 

Ulmus  crassifolia 

2131.57 

179 

92 

Fraxinus  pennsylvanica 

231.77 

92 

50 

Snags 

71.50 

57 

52 

Juglans  nigra 

8.17 

32 

23 

Quercus  macrocarpa 

110.01 

18 

21 

Bumelia  lanuginosa 

8.58 

15 

18 

Madura  pomifera 

12.77 

17 

15 

Crataegus  spp. 

2.84 

19 

9 

Acer  negundo 

1.04 

11 

3 

Morus  rubra 

0.19 

5 

6 

Ulmus  rubra 

0.14 

4 

3 

Sophora  affinis 

0.08 

4 

2 

Quercus  shumardii 

0.85 

2 

2 

Gleditsia  triacanthos 

0.00 

1 

1 

Broussonetia  papyrifera  (shrub) 

0.00 

1 

1 

Sum 

5560.85 

759 

409 

of  28.13%.  Green  ash  had  an  importance  value  of  9.51%.  No  other 
species  had  importance  values  higher  than  5%.  Table  3  gives  the  total 


BARRY  &  KROLL 


313 


Table  4.  Age  estimation  formulae  for  hackberry,  green  ash  and  bur  oak  derived  through 
regression  analysis  of  dbh  and  age  information.  +/-  Indicates  95%  confidence  limits. 


Species 

Formula  to  estimate  age 

95%  Confidence  limits 

Celtis  occidentalis ,  C.  laevigata 

age  =  (1.7015*dbh)  +  7.4975 

+  /-  0.03*dbh 

Fraxinus  pennsylvanica 

age  =  (1.0175*dbh)  +  14.597 

+  /-  0.23 *dbh 

Quercus  macrocarpa 

age  =  2.3*dbh 

+  /-  0.38*dbh 

basal  area,  number  of  trees  per  hectare  and  frequency  of  plot  occurrence 
for  each  tree  species.  Snag  density  was  found  to  be  57  standing  dead 
trees  per  hectare.  These  results  indicate  that  the  forest  may  be  classified 
as  a  hackberry /elm/ash  forest  type  (Nixon  1986). 

The  regression  analysis  for  the  age  to  dbh  relationship  demonstrated 
a  positive  linear  relationship  between  age  and  size  for  hackberry  and 
green  ash.  For  hackberry,  y  =  1.7015x  +  7.4975  (R^  =  0.68,  p  < 
0.0001);  for  green  ash,  y  =  1.0175x  +  14.597  (R^  =  0.7088,  p  = 
0.0003).  The  small  sample  size  for  bur  oak  prevented  the  use  of  linear 
regression;  estimates  were  derived  instead  using  an  average  ring- 
to-diameter  ratio  of  2.3  years  per  cm  of  diameter.  Allometric  formulae 
for  these  species  are  summarized  in  Table  4. 

Cluster  analysis  of  the  presence  and  absence  of  the  different  tree 
species  by  plot  and  the  analysis  of  plot  metrics  demonstrated  that  the 
forest  is  highly  patchy  in  terms  of  both  species  composition  and  associa¬ 
tion.  At  the  50%  relative  dissimilarity  level,  there  were  14  different 
classification  clusters,  indicating  that  plot  species  composition  varies 
extensively  across  the  sampled  areas.  Many  spatially  adjacent  plots 
were  not  clustered  together  in  the  results  of  5  category  K-Means 
clustering,  further  demonstrating  the  patchy  distribution  of  the  forest’s 
tree  species.  The  highly  patchy  nature  of  this  forest  is  a  classic 
characteristic  of  natural  mature  and  old  growth  forests,  especially  on 
floodplains. 


Discussion 

The  results  of  this  analysis  indicate  that  the  forest  is  dominated  by 
hackberry,  cedar  elm  and  green  ash,  and  is  likely  to  remain  so  well  into 
the  future.  These  three  species  are  able  to  tolerate  relatively  prolonged 
periods  of  inundation  and  are  shade  tolerant,  attributes  that  have  helped 
them  survive  and  propagate  in  the  closed  canopy  and  in  the  frequently 
flooded  environment  beside  the  Elm  Fork.  Hackberry  and  cedar  elm  oc- 
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curred  throughout  most  of  the  size  classes  (except  for  the  very  large 
ones);  this  evidence  of  recruitment  indicates  that  these  species  are 
replacing  themselves  and  remaining  as  the  "climax"  community.  The 
extreme  size  (and  likely  old  age)  of  many  individual  trees  within  the 
forest  indicates  that  conditions  for  their  growth  have  existed  for  at  least 
150-250  years;  however,  the  forest  could  be  many  centuries  older. 

The  presence  of  numerous  oak,  pecan  and  black  walnut  seedlings, 
paired  with  the  sizable  amount  of  mature  bur  and  Shumard  oaks  located 
in  the  forest,  may  indicate  a  maturation  of  the  floodplain  soils 
underlying  the  forest,  a  condition  that  might  lead  to  the  oak-hickory 
community  that  is  often  found  in  old  growth  bottomland  hardwood 
stands.  The  hypothetical  movement  of  this  forest  to  such  a  community 
is  an  event  that  would  occur  over  hundreds  of  years  and  be  subject  to 
several  factors  including  extent  and  duration  of  hydroperiods  (flooding, 
rain,  etc.).  The  presence  of  Lake  Ray  Roberts  upstream  will  eliminate 
the  flood  cycles  that  have  contributed  so  much  to  the  current  structure 
of  the  site;  without  the  flood  events  which  were  so  common,  the  water 
table  underlying  the  forest  should  stabilize.  Indication  that  this  is 
already  happening  comes  from  the  black  walnuts,  which  are  found  in 
drier  soils  than  hackberry,  cedar  elm  and  green  ash.  The  current  distri¬ 
bution  of  bur  oak,  with  large  trees  located  on  drier  river-front  sites  and 
numerous  seedlings  readily  apparent  throughout  the  forest,  also  points 
to  a  changing  water  table,  as  bur  oaks  cannot  withstand  prolonged 
periods  of  inundation.  Without  the  competitive  advantage  provided  by 
past  flood  events,  the  structure  of  this  forest  may  change  from  a  hack- 
berry/elm/ash  forest  to  one  dominated  by  a  combination  of  bur  and 
Shumard  oaks  and  black  walnuts,  which  are  representative  of  classic 
old-growth  and  late  successional  bottomland  hardwood  forests  (Hodges 
1997). 

The  results  of  the  cluster  analysis  indicate  a  forest  with  a  patchy 
distribution.  Respective  tree  species  tend  to  occur  in  clumped 
distributions;  this  is  likely  a  result  of  seed  dispersion  and  the  site’s 
topography.  Because  of  the  forest’s  general  lack  of  vertical  relief, 
elevation  changes  of  0.25-0.5  m  may  drastically  alter  the  species  present 
at  that  location.  Lower  areas  are  more  inclined  to  support  forested 
wetlands  or  maintain  soil  inundation  for  longer  periods  of  time,  thus 
affecting  the  size  and  species  of  trees  present.  In  addition,  the 
understory  vegetation  present  at  various  sites  is  heavily  reliant  upon  the 
level  of  soil  moisture  and  inundation. 
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These  findings  are  consistent  with  trends  in  bottomland  forest  ecology 
and  succession  as  noted  by  Nixon  (1986),  Nixon  et  al.  (1990),  Hodges 
(1997)  and  Kellison  &  Young  (1997).  Based  on  descriptive  forest  classi¬ 
fication  systems  (Oliver  &  Larson  1990),  the  forest  as  a  whole  may  be 
classified  as  transitional  old-growth.  Several  small  stands  within  this 
forest  may  be  classified  as  true  old-growth,  based  on  species  composi¬ 
tion,  age/size  classes  and  stand  structural  features.  Because  of  its  unique 
status  as  a  relatively  intact  north  Texas  bottomland  hardwood  forest,  the 
forest  can  be  used  as  a  baseline  for  comparisons  with  other  natural  and 
restored  forests  in  the  area. 
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POLLEN  INFLUX  AT  THE  TALLGRASS  PRAIRIE  PRESERVE, 
OSAGE  COUNTY,  OKLAHOMA 

Stephen  A.  Hall 

Department  of  Geography 
University  of  Texas  at  Austin 
Austin,  Texas  78712 

Abstract.— A  series  of  three  Tauber  pollen  traps  characterizes  the  undisturbed  native 
tallgrass  prairie,  dominated  by  Ambrosia  with  smaller  amounts  of  Poaceae,  Cyperaceae, 
Asteraceae,  and  Chenopodiaceae.  Tree  and  shrub  pollen  comprises  40%  of  the  influx, 
mostly  oak  and  juniper.  The  tallgrass  pollen  records  from  Oklahoma  are  very  similar  to  that 
from  the  Grand  Prairie  of  north  Texas,  both  of  which  differ  significantly  from  the  pollen 
signature  of  the  High  Plains  grasslands. 


Grasslands  are  sensitive  plant  formations  that  respond  quickly  to 
short-term  climate  change  as  is  shown  in  western  Kansas  and  eastern 
Colorado  by  the  rapid  shift  in  species  composition  and  decline  in  basal 
cover  during  the  drought  years  of  the  mid-  and  late  1930s  and  again  in 
the  mid-1950s  (Weaver  &  Albertson  1956).  A  new  approach  towards 
documenting  the  status  of  prairie  vegetation  in  the  southern  Great  Plains 
is  being  initiated  and  involves  the  annual  monitoring  of  pollen-grain 
production  by  prairie  plant  communities.  The  pollen  produced  and 
released  into  the  atmosphere  each  year  is  trapped  by  a  network  of 
collectors.  Year-by-year  pollen  data  may  provide  an  index  to  short-term 
as  well  as  long-term  changes  in  grassland  vegetation.  Pilot  studies  in  the 
High  Plains  prairies  of  northeastern  New  Mexico  and  the  tallgrass 
prairie  of  northern  Texas  show  the  feasibility  of  characterizing  grassland 
vegetation  using  pollen-influx  data  from  pollen  traps  (Hall  1990;  1994). 

Study  Site 

The  Nature  Conservancy’s  Tallgrass  Prairie  Preserve  of  north-central 
Oklahoma  is  located  in  one  of  the  larger  areas  of  continuous  intact  grass¬ 
lands  in  the  southern  Great  Plains.  Bison  once  grazed  the  Flint  Hills 
and  again  is  a  major  player  in  the  tallgrass  prairie.  The  presence  of 
bison  and  a  program  of  prescribed  burns  may  restore  the  prairie  to  a 
presettlement  landscape  (Hamilton  1996).  The  modern  prairie  vegetation 
is  dominated  by  big  bluestem  (Andropogon  gerardii),  indiangrass 
(Sorghastrum  nutans),  switchgrass  (Panicum  virgatum)  and  little  blue- 
stem  (Schizachyrium  scoparium) ;  subdominant  species  include  tall  drop- 
seed  {Sporobolus  asper)  and  sedges  (Carex  spp.)  along  with  western 
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ragweed  {Ambrosia  psilostachya)  and  annual  broomweed  (Gutierrezia 
dracunculoides)  (cf.  Coppedge  et  al.  1998).  Annual  precipitation  at  the 
Tallgrass  Prairie  Preserve  for  1998,  the  year  of  this  study,  was  43.44 
inches,  an  unusually  high  amount  of  rainfall,  and  mean  annual  tempera¬ 
ture  for  1998  was  59.4  degrees  F  (Foraker  Mesonet  station,  Oklahoma 
Climatological  Survey). 

Methods  and  Materials 

A  series  of  three  Tauber  pollen-trap  stations,  number  88,  89  and  90, 
is  established  at  The  Nature  Conservancy  Tallgrass  Prairie  Preserve, 
Osage  Co.,  Oklahoma;  one  of  the  pollen  traps  (no.  88)  is  located  at  the 
Foraker  Mesonet  site  operated  by  the  Oklahoma  Climatological  Survey 
within  the  preserve.  The  three  traps  are  located  in  undisturbed  grass¬ 
lands  about  2  to  3  miles  apart,  traps  89  and  90  at  the  edge  of  the  bison 
enclosure. 

The  Tauber  trap  is  a  static  collector  that  can  be  operated  remotely 
without  electricity  or  battery  power.  The  design  is  simple;  in  this  study, 
the  collector  is  a  freeze-resistant  plastic  jar  in  a  metal  can  that  is  wired 
to  a  steel-T  post.  The  top  of  the  Tauber  trap  is  the  key  to  the  collector 
design;  it  is  an  aerodynamically-shaped  surface  with  a  5-cm  diameter 
aperture  at  the  center  through  which  pollen  grains  and  other  dust-sized 
particles  enter.  Wind-tunnel  tests  show  that  pollen  enters  the  aperture 
at  wind  velocities  between  1  and  10  m  per  second  (2.2  and  22.4  mph) 
(Tauber  1974).  Pollen  grain  influx  is  measured  in  grains  per  square 
centimeter  per  period  of  time  that  the  collectors  are  allowed  to  run. 
Nearly  all  trap  studies,  including  this  one,  are  run  for  a  period  of  one 
year,  the  trap  usually  changed  at  a  time  when  few  plants  are  flowering 
and  atmospheric  pollen  content  is  low.  All  of  the  traps  in  this  and 
previously  reported  studies  are  at  a  height  of  one  to  two  meters  above 
the  ground,  the  majority  at  about  1.4  m  height.  An  experiment  of  nine 
traps  in  a  small  array  over  a  period  of  one  year  produced  a  pollen  influx 
of  9132  +  10.5%  pollen  grains  per  cmVyear  (Hall  1992),  illustrating  the 
collecting  ability  of  the  Tauber  trap  design  as  well  as  the  fine-scale 
natural  variation  in  atmospheric  pollen  content. 

Methods 

The  field  methods  and  procedure  for  setting  up  the  Tauber  traps  and 
the  laboratory  methods  used  in  extracting  and  processing  the  pollen 
content  from  the  traps  are  the  same  as  those  employed  in  previous 
studies  and  are  described  elsewhere  by  the  writer  (Hall  1992;  1994). 
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Table  1.  Pollen  counts,  percentages,  influx  and  related  data  from  Tallgrass  Prairie  Preserve, 
Osage  Co.,  Oklahoma. 


Taxon 

Counts 

Percentages 

Influx 

Trap  No. 

88 

89 

90 

88 

89 

90 

88 

89 

90 

Pinus 

9 

8 

1 

2.2 

2.0 

0.2 

168 

148 

13 

Juniperus 

55 

33 

15 

13.7 

8.2 

3.7 

1025 

611 

200 

Quercus 

93 

71 

108 

23.2 

17.7 

27.0 

1733 

1316 

1438 

Carya 

— 

1 

6 

— 

0.2 

1.5 

— 

19 

80 

Ulmus 

12 

8 

4 

3.0 

2.0 

1.0 

224 

148 

53 

Acer 

1 

— 

4 

0.2 

— 

1.0 

19 

— 

53 

Juglans 

1 

1 

1 

0.2 

0.2 

0.2 

19 

19 

13 

Celtis 

2 

2 

1 

0.5 

0.5 

0.2 

37 

37 

13 

Salix 

3 

1 

— 

0.7 

0.2 

— 

56 

19 

— 

Populus 

2 

4 

2 

0.5 

1.0 

0.5 

37 

74 

27 

Fraxinus 

10 

5 

10 

2.5 

1.2 

2.5 

186 

93 

133 

Poaceae 

22 

18 

28 

5.5 

4.5 

7.0 

410 

334 

373 

Ambrosia 

146 

188 

167 

36.5 

47.0 

41.7 

2720 

3484 

2224 

Artemisia 

1 

1 

3 

0.2 

0.2 

0.7 

19 

19 

40 

Asteraceae  2-4/xm 

5 

25 

10 

1.2 

6.2 

2.5 

93 

463 

133 

Asteraceae  >4/xm 

1 

— 

1 

0.2 

— 

0.2 

19 

— 

13 

Chenopodiaceae 

9 

7 

13 

2.2 

1.7 

3.2 

168 

130 

173 

Corylus 

1 

— 

— 

0.2 

— 

— 

19 

— 

— 

Alnus 

— 

— 

1 

— 

— 

0.2 

— 

— 

13 

Ostrya 

— 

1 

— 

— 

0.2 

— 

— 

19 

— 

Morus 

1 

— 

4 

0.2 

— 

1.0 

19 

— 

53 

Eriogonum 

1 

— 

— 

0.2 

— 

— 

19 

— 

— 

Brassicaceae 

— 

1 

1 

— 

0.2 

0.2 

— 

19 

13 

Onagraceae 

4 

— 

— 

1.0 

— 

— 

75 

— 

— 

Rosaceae 

4 

11 

— 

1.0 

2.7 

— 

75 

204 

— 

Fabaceae 

1 

9 

— 

0.2 

2.2 

— 

19 

167 

— 

Apiaceae 

— 

— 

2 

— 

— 

0.5 

— 

— 

27 

Caryophyllaceae 

— 

— 

4 

— 

— 

1.0 

— 

— 

53 

Typha  angustifolia 

— 

— 

1 

— 

— 

0.2 

— 

— 

13 

Cyperaceae 

4 

1 

2 

1.0 

0.2 

0.5 

75 

19 

27 

Indeterminable 

5 

1 

3 

1.2 

0.2 

0.7 

93 

19 

40 

Unknown  (no.  spp.) 

7(6) 

3(3) 

8(6) 

1.7 

0.7 

2.0 

130 

56 

107 

Spike  counts  96 

Trap  aperture  (cm^)  18.9 

Total  influx  (grains/cmVyr) 

128 

19.0 

135 

18.8 

7452 

7412 

5327 

Note.  Pollen  sum  for  each  Tauber  trap  is  400,  including  "indeterminable"  and  "unknown" 
counts;  influx  values  are  pollen  grains  per  cm^  per  year;  percentages  and  influxes  do  not 
add  up  to  total  values  due  to  rounding. 


After  the  three  Tauber  trap  stations  were  set  up  at  the  Tallgrass 
Prairie  Preserve,  new  jars  were  put  in  the  traps  on  Dec.  8,  1997,  and 
changed  again  on  Dec.  30,  1998;  the  one-year  pollen  accumulation  was 
processed  and  analyzed  in  the  Palynology  Laboratory,  University  of 
Texas  at  Austin.  Thus,  the  pollen  data  reported  here  represents  pollen 
influx  for  one  year,  1998.  In  order  to  calculate  the  pollen  content  and 
influx  values,  a  Lycopodium-s^ort  spike  was  introduced  to  each  jar 
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Figure  1.  Pollen  percentage  diagram  of  selected  taxa  from  three  1998  Tauber  traps, 
Tallgrass  Prairie  Preserve,  Osage  Co.,  Oklahoma,  and  averaged  percentages  (nine  traps, 
1984)  from  Grand  Prairie,  Denton  Co.,  Texas  (Hall  1992);  fixed  pollen  sum  for  each  trap 
=  400. 

during  laboratory  processing.  The  Lycopodium  spores  come  in  tablets 
that  dissolve  in  HCl,  releasing  11,267  ±  370  spores  per  tablet  (batch 
201890).  Three  tablets  were  introduced  to  trap  88  and  90  and  four 
tablets  to  trap  89. 

Results 

The  three  Tauber  traps  provide  a  similar  picture  of  pollen-grain  influx 
in  the  tallgrass  prairie  of  north-central  Oklahoma.  Prairie  herbs  average 
about  60%  of  the  pollen  deposition,  and  pollen  from  trees  and  shrubs, 
representing  medium-distance  transport  from  oak  cross-timbers  located 
one  to  several  miles  east  of  the  trap  stations,  is  about  40%  of  the  pollen 
influx.  Total  pollen  influx  at  the  traps  averages  about  6700  grains  per 
cm^  per  year  (Table  1). 

The  herb  component  is  dominated  by  Ambrosia  which  averages  42% 
of  all  the  pollen,  dominating  the  record  as  the  single  most  abundant 
pollen  taxon.  Other  pollen  taxa  include  Poaceae  which  averages  6%, 
Asteraceae  3%,  Chenopodiaceae  2%,  and  Cyperaceae  1%.  Tree  and 
shrub  pollen  is  dominated  by  Quercus  and  Juniperus,  23%  and  9% 
respectively  (Fig.  1).  Other  arboreal  pollen  taxa  are  2%  or  less  in 
abundance  and  include  Ulmus,  Fraxinus,  Finns,  Populus,  Celtis,  Cary  a, 
Acer,  Juglans,  Salix,  Alnus,  Ostrya,  Corylus  and  Moms  (Table  1). 

Discussion  and  Conclusions 

This  is  the  second  pollen  influx  investigation  of  the  tallgrass  prairie 
in  North  America,  the  previous  one  from  the  Grand  Prairie  of  north- 
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TAUBER  POLLEN  TRAPS 

POACEAE  POLLEN  AMBROSIA  POLLEN 


O  High  Plains,  northeastern  NM 

Figure  2.  Poaceae  and  Ambrosia  pollen  influx  vs.  percentage  values,  1998  Tauber  traps 
from  Tallgrass  Prairie  Preserve,  Osage  Co.,  Oklahoma,  compared  with  pollen  data  from 
north-central  Texas  (Hall  1992)  and  northeastern  New  Mexico  (Hall  1990);  the  High 
Plains  grassland  of  NE  New  Mexico  is  a  mosaic  of  mixed-grass  and  shortgrass  prairies. 


central  Texas  (Hall  1992).  The  Texas  and  Oklahoma  tallgrass  prairies, 
separated  from  each  other  by  247  miles  of  rolling  grasslands  and  cross¬ 
timber  oak  forest,  have  pollen  signatures  that  are  virtually  identical.  A 
comparison  of  the  influx  values  for  the  eleven  most  abundant  taxa  in  the 
pollen  assemblages  from  the  Texas  and  Oklahoma  traps  results  in  Spear¬ 
man  rank  correlation  coefficients  that  range  from  0.75  to  0.93. 

In  both  Oklahoma  and  Texas  tallgrass  prairies,  the  pollen- trap  record 
is  dominated  by  Ambrosia,  an  important  component  of  the  tallgrass 
vegetation  but  much  less  important  in  the  High  Plains  prairies  (Fig.  2). 
In  the  initial  study  in  north-central  Texas,  the  high  amount  of  Ambrosia 
was  thought  to  be  a  result  of  disturbance  and  nearby  farming  activities. 
However,  despite  the  absence  of  farm  agriculture  in  the  region  encom¬ 
passing  the  Tallgrass  Prairie  Preserve,  Ambrosia  dominates  the  natural 
pollen  rain.  Pollen  records  from  alluvium  and  rockshelter  fill  in  the  area 
also  show  that  Ambrosia,  along  with  oak  and  grasses,  is  a  major  com¬ 
ponent  as  well  of  the  prehistoric  vegetation  during  the  past  2000  years 
(Hall  1982).  While  high  percentages  of  Ambrosia  pollen  can  be  an 
index  to  disturbed  plant  communities,  this  study  documents  that 
Ambrosia  is  a  dominant  element  of  undisturbed  tallgrass  prairie 
vegetation. 
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Poaceae  pollen  influx  is  the  same  at  both  tallgrass  and  High  Plains 
prairies,  although  the  percentages  of  Poaceae  pollen  are  lower  compared 
with  western  grasslands  due  to  the  abundance  of  oak  and  juniper  trees 
in  the  eastern  grasslands  which  produce  large  amounts  of  pollen  that 
overwhelm  low  pollen  producers  such  as  grasses. 

Graminoid  sedges  are  a  significant  component  of  the  Oklahoma  tall¬ 
grass  prairie  and  are  favored  by  bison  in  all  seasons  (Coppedge  et  al. 
1998).  All  three  traps  contain  small  amounts  of  sedge  pollen,  recovered 
also  at  the  Texas  traps.  Graminoid  sedges  are  a  distinguishing  charac¬ 
teristic  of  the  eastern  grasslands  but  are  less  common  in  the  drier 
western  grasslands. 
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REPRODUCTION  IN  THE  BLACKTAIL  RATTLESNAKE, 
CROTALUS  MOLOSSUS  (SERPENTES:  VIPERIDAE) 

Stephen  R.  Goldberg 

Department  of  Biology,  Whittier  College 
Whittier,  California  90608 

Abstract.— Reproductive  tissue  was  examined  from  107  museum  specimens  of  Crotalus 
molossus  from  Arizona,  New  Mexico,  Texas  and  Mexico.  Males  follow  a  seasonal  testicular 
cycle  in  which  spermiogenesis  occurs  May-September.  Sperm  was  present  in  the  vasa 
deferentia  from  all  months  examined:  April-May,  July-September.  The  smallest  spermio- 
genic  male  measured  576  mm  SVL.  Enlarged  ovarian  follicles  were  present  in  April,  July, 
September- October.  Oviductal  eggs  were  present  April  and  June.  Developing  young  were 
present  in  July.  Mean  brood  size  {n  =  25)  including  15  records  from  Klauber  (1972)  was 
5.2  +  3.1  SD,  range  2-13.  The  smallest  reproductively  active  female  (enlarged  follicles) 
measured  653  mm  SVL.  Females  appear  to  have  a  biennial  reproductive  cycle  as  has  been 
reported  for  other  rattlesnakes.  Only  10/40  (25%)  of  female  C.  molossus  were 
reproductively  active. 


The  blackt'ail  rattlesnake,  Crotalus  molossus  occurs  from  northern 
Arizona  to  the  southern  edge  of  the  Mexican  plateau  and  western 
Arizona  to  central  Texas  from  sea  level  to  around  2930  m  (Stebbins 
1985).  The  biology  of  this  species  is  summarized  in  Price  (1980). 
There  are  only  anecdotal  reports  on  reproduction  of  this  species  (Dunkle 
&  Smith  1937;  Kauffeld  1943;  Gates  1957;  Wright  &  Wright  1957; 
Tennant  1984;  Lowe  et  al.  1986;  Price  1998).  Klauber  (1972)  presented 
information  on  brood  sizes.  The  purpose  of  this  paper  is  to  provide 
information  on  the  seasonal  ovarian  and  testicular  cycles  of  C.  molossus 
from  an  examination  of  museum  specimens  and  to  report  additional 
brood  sizes. 


Materials  and  Methods 

A  sample  of  1 1 1  specimens  of  C.  molossus  (40  females.  Mean  Snout- 
Vent  Length,  SVL  =  782  mm  ±  104  SD,  range  =  579-1010  mm;  67 
males.  Mean  SVL  =  809  mm  ±  146  SD,  range  =  450-1127  mm  and  4 
full-  term  young.  Mean  SVL  =  284  mm  ±  22  SD,  range  =  253-303 
mm)  from  Arizona,  New  Mexico,  Texas  and  Mexico  was  examined 
from  the  herpetology  collections  of  Arizona  State  University,  Tempe 
(ASU),  The  Natural  History  Museum  of  Los  Angeles  County  (LACM) 
and  The  University  of  Arizona,  Tucson  (UAZ).  Snakes  were  collected 
1947-  1994.  Counts  were  made  of  enlarged  follicles  ( >  12  mm  length), 
oviductal  eggs  or  full-term  young.  The  left  testis  and  vas  deferens  were 
removed  from  males;  the  left  ovary  was  removed  from  females  for 
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histological  examination.  Tissues  were  embedded  in  paraffin  and  cut 
into  sections  at  5  /rm.  Slides  were  stained  with  Harris’  hematoxylin 
followed  by  eosin  counterstain.  Testes  slides  were  examined  to 
determine  the  stage  of  the  male  cycle;  ovary  slides  were  examined  for 
the  presence  of  yolk  deposition  (secondary  yolk  deposition  sensu 
Aldridge  1979b).  Because  some  of  the  specimens  were  road-kills,  not 
all  tissues  were  available  for  histological  examination  due  to  damage  or 
autolysis.  Number  of  specimens  examined  by  reproductive  tissue  were 
testis  =  67,  vas  deferens  =  37,  ovary  =  31. 

Material  examined. — The  following  specimens  of  C.  molossus  were 
examined:  ARIZONA:  COCHISE  COUNTY,  19  specimens  (ASU  3581, 
LACM  44287,  104963,  104965,  UAZ  13514,  13520,  13527,  13537,  27612, 
34671,  40170-40175,  42475,  46112,  46644);  COCONINO  COUNTY,  1 
specimen  (UAZ  13529);  GILA  COUNTY,  1  specimen  (UAZ  13532), 
GRAHAM  COUNTY,  5  specimens  (ASU  7037,  22479,  22514,  LACM 
38504,  UAZ  42694);  MARICOPA  COUNTY,  3  specimens  (ASU  207, 
5142,  LACM  39793);  NAVAJO  COUNTY,  6  specimens  (ASU  10763-10764, 
10766-10768,  22178);  PIMA  COUNTY  16  specimens  (UAZ  9332,  13511, 
13524,  13528,  13535,  13654,  27601,  27608,  27611,  34191,  34757,  35998, 
40770,  41724,  42623,  44243);  PINAL  COUNTY  1  specimen  (UAZ  40409); 
SANTA  CRUZ  COUNTY,  5  specimens  (LACM  2994,  34946,  UAZ  13652, 
36106,  50060);  YAVAPAI  COUNTY,  1  specimen  (UAZ  50247);  YUMA 
COUNTY,  1  specimen  (UAZ  40156). 

NEW  MEXICO:  CATRON  COUNTY,  1  specimen  (LACM  104969); 
DONA  ANA  COUNTY,  4  specimens  (LACM  113325,  UAZ  13540,  13656, 
28067);  GRANT  COUNTY,  3  specimens  (ASU  4971,  LACM  123764,  UAZ 
46582);  HIDALGO  COUNTY,  4  specimens  (LACM  2988-  2989,  UAZ 
13541,  27619);  LINCOLN  COUNTY,  2  specimens  (LACM  104971- 
104972);  SOCORRO  COUNTY,  4  specimens  (LACM  20173-20175,  UAZ 
13510). 

TEXAS:  BREWSTER  COUNTY,  4  specimens  (LACM  76571,  104973, 
UAZ  27620-27621);  EL  PASO  COUNTY,  1  specimen  (LACM  116018); 
JEFF  DAVIS  COUNTY,  1  specimen  (UAZ  32750);  PRESIDIO  COUNTY, 
1  specimen  (LACM  116017). 

MEXICO;  CHIHUAHUA,  4  specimens  (UAZ  34141,  35034,  36289, 
39852);  COAHUILA,  2  specimens  (LACM  116255,  UAZ  42548); 
SONORA,  19  specimens  (LACM  25942,  52569-52570,  104980-104981, 
104984-104985,  108861,  127773-127774,  138220-138222,  UAZ  9327, 
13542,  13648,  13650,  40639,  46776);  NUEVO  LEON  2  specimens 
(UAZ  27614,  42588). 
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Table  1 .  Monthly  distribution  of  conditions  in  seasonal  testicular  cycle  of  Crotalus  molossus. 
Values  shown  are  the  numbers  of  males  exhibiting  each  of  the  three  conditions. 


Month 

N 

Regressed 

Recrudescence 

Spermiogenesis 

March 

1 

1 

0 

0 

April 

3 

1 

2 

0 

May 

4 

1 

2 

1 

June 

5 

1 

1 

3 

July 

25 

0 

4 

21 

August 

25 

0 

5 

20 

September 

4 

0 

0 

4 

Results  and  Discussion 

Testicular  histology  (Table  1)  was  similar  to  that  reported  by 
Goldberg  &  Parker  (1975)  for  two  colubrid  snakes,  Masticophis 
taeniatus  and  Pituophis  catenifer  (=  P.  melanoleucus)  and  the  viperid 
snake,  Agkistrodon  piscivorus  as  reported  by  Johnson  et  al.  (1982).  In 
the  regressed  testes,  seminiferous  tubules  contained  spermatogonia  and 
Sertoli  cells.  In  recrudescence,  there  was  renewal  of  spermatogenic 
cells  characterized  by  spermatogonial  divisions;  primary  and  secondary 
spermatocytes  were  typically  present.  Some  spermatids  were  occasional¬ 
ly  seen.  In  spermiogenesis,  metamorphosing  spermatids  and  mature 
sperm  were  present.  Males  undergoing  spermiogenesis  were  found 
May-September;  regressed  testes  were  found  March-June.  Testes  in 
recrudescence  were  found  April-August.  The  smallest  spermiogenic 
male  measured  576  mm  SVL.  One  male  measuring  450  mm  SVL  col¬ 
lected  16  May  had  recrudescent  testes.  It  is  not  known  whether  this 
male  would  have  produced  sperm  later  in  the  year.  Because  most  of  the 
male  sample  (75%)  came  from  July- August  it  is  not  possible  to  defini¬ 
tively  characterize  the  testicular  cycle.  The  presence  of  45/54  (83%) 
males  undergoing  spermiogenesis  during  July-September  and  7/8  (88%) 
March-May  males  with  either  regressed  or  recrudescent  testes  suggests 
the  C.  molossus  testicular  cycle  fits  the  postnuptial  (aestival)  breeding 
pattern  (Saint  Girons  1982;  Seigel  &  Ford  1987).  If  so,  then  maximum 
spermatogenic  activity  would  occur  in  late  summer  and  fall,  with  mating 
taking  place  the  following  spring  using  sperm  stored  overwinter  in  the 
vasa  deferentia.  However,  according  to  H.  W.  Greene  (pers.  comm.), 
C.  molossus  mating  occurs  in  early  August  in  Arizona.  This  fits  other 
observations  of  C.  molossus  mating  in  late  summer  or  early  fall  in  Texas 
(Price  1998).  Sperm  were  present  in  the  vasa  deferentia  of  34/37  (92%) 
males.  On  a  monthly  basis  it  was  present  in  vasa  deferentia  of:  2/2 
April,  1/1  May,  16/16  July,  12/14  August,  3/4  September  males. 
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Table  2.  Monthly  distribution  of  conditions  in  seasonal  ovarian  cycle  of  Crotalus  molossus. 
Values  shown  are  the  numbers  of  females  exhibiting  each  of  the  three  conditions. 


Month 

N 

Inactive 

Enlarged  follicles 
>  12  mm  length 

Oviductal  eggs 
or  young 

April 

7 

4 

2 

1 

May 

4 

4 

0 

0 

June 

6 

5 

0 

1 

July 

6 

4 

1 

1 

August 

7 

7 

0 

0 

September 

5 

4 

1 

0 

October 

5 

2 

3 

0 

The  testicular  cycle  of  C  molossus  appeared  similar  to  that  of 
Crotalus  viridis  and  Crotalus  tigris  in  which  spermiogenesis  began  in 
late  spring  and  continued  into  autumn  (Aldridge  1979a,  Goldberg  1999). 
Similar  testicular  cycles  may  also  occur  in  Crotalus  scutulatus  in  which 
spermiogenesis  takes  place  in  July- August  and  Crotalus  atrox  in  which 
spermiogenesis  takes  place  in  August- September  (Jacob  et  al.  1987). 

Females  with  enlarged  follicles  (>  12  mm  length)  or  oviductal  eggs 
or  young  were  found  in  April,  June-July  and  September-October  (Table 
2).  Two  females  contained  oviductal  eggs,  UAZ  40156  from  20  April, 
and  UAZ  34141  from  1  June.  One  brood  of  4  full-term  young  was 
taken  from  UAZ  40170  collected  18  July.  These  data  appear  compatible 
with  the  report  of  Lowe  et  al.  (1986)  that  young  are  born  in  July  and 
August.  Dunkle  &  Smith  (1937)  reported  C  molossus  from  Zacatecas, 
Mexico  with  broods  in  July.  The  smallest  reproductive! y  active  female 
(4  enlarged  follicles  >  12  mm  length)  from  1  April  measured  653  mm 
SVL  (LACM  138220). 

The  presence  of  females  with  enlarged  follicles  ( >  12  mm  length)  but 
no  oviductal  eggs  in  July,  September  and  October  which  would  have 
presumably  ovulated  the  following  year  (Table  2)  suggests  C.  molossus 
has  a  biennial  reproductive  cycle  in  which  yolk  deposition  (secondary 
vitellogenesis,  sensu  Aldridge  1979b)  commences  in  summer  followed 
by  ovulation  the  next  year.  Examination  of  additional  C  molossus 
females  will  be  needed  to  confirm  that  a  biennial  reproductive  cycle 
occurs.  Biennial  reproductive  cycles  have  been  reported  for  other  North 
American  rattlesnakes:  Rahn  (1942)  for  Crotalus  viridis,  Tinkle  (1962) 
for  Crotalus  atrox  and  Goldberg  (1999)  for  Crotalus  tigris.  However, 
there  can  be  variation  in  the  female  cycle  between  different  rattlesnake 
populations  of  the  same  species  with  annual,  biennial,  triennial  or  even 
quadraennial  cycles  occurring  (see  Ernst  1992;  Fitch  &  Pisani  1993). 
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Table  3.  Brood  sizes  for  Crotalus  molossus. 


Date 

SVL 

(mm) 

Brood 

size 

Locality 

Source 

1  April 

653 

4* 

Sonora,  MX 

LACM  138220 

15  April 

775 

2* 

Sonora,  MX 

LACM  104985 

20  April 

774 

6 

Yuma  Co. 

UAZ  40156 

1  June 

926 

7 

Chihuahua,  MX 

UAZ  34141 

15  July 

690 

2* 

Pima  Co. 

UAZ  13535 

18  July 

655 

4 

Cochise  Co. 

UAZ  40170 

9  September 

673 

2* 

Sonora,  MX 

UAZ  13648 

October 

943 

6* 

Cochise  Co. 

UAZ  34671 

12  October 

823 

4* 

Gila  Co. 

UAZ  13532 

30  October 

711 

5* 

Maricopa  Co. 

ASU  5142 

*  Estimated  from  counts  of  yolked  follicles  >  12  mm  length. 


Mean  brood  size  for  10  females  listed  in  Table  3  was  4.2  ±  \.S  SD 
(range  2-7).  Combining  these  data  with  egg  sets  and  broods  for  15  C. 
molossus  listed  in  Klauber  (1972)  gives  a  mean  brood  size  of  5.2  ±  3.1 
SD  (range  2-13)  for  25  females.  There  is  a  report  of  16  young  found 
under  the  same  rock  of  a  C  molossus  nigrescens  female  from  Zacatecas, 
Mexico  (Dunkle  &  Smith  1937).  The  mean  brood  size  of  5.2  puts  C. 
molossus  below  the  average  of  8  to  10  per  brood  reported  for  "our 
commonest  and  most  important  species  of  rattlesnakes  found  in  the 
United  States"  by  Klauber  (1972). 

The  presence  of  1  April  female  with  oviductal  eggs  (UAZ  40156) 
would  support  the  claim  of  Price  (1998)  that  ovulation  and  fertilization 
take  place  at  spring  emergence.  It  is  likely  that  the  2  April  females 
(LACM  104985,  138220)  with  enlarged  follicles  (Table  2)  would  have 
ovulated  later  that  spring.  As  no  spring  field  matings  have  been 
reported,  it  may  be  that  females  use  sperm  stored  overwinter  from  late 
summer  or  fall  matings  as  mentioned  in  Price  (1998). 

Only  10/40  (25%)  of  female  C  molossus  showed  evidence  of  repro¬ 
ductive  activity.  This  is  consistent  with  Seigel  &  Ford  (1987)  who 
found  percentage  of  breeding  females  in  a  given  year  varied  between 
7-70%  in  the  85  snake  species  they  surveyed. 

While  some  information  on  snake  reproduction  can  be  gathered  by 
examination  of  museum  specimens,  field  studies  will  be  needed  to 
elucidate  these  and  other  aspects  of  C.  molossus  reproductive  biology. 
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Abstract. — The  ribonuclease  protection  assay  (RPA)  is  commonly  used  to  quantify  levels 
of  rare  mRNAs  in  the  cell.  However,  the  polyacrylamide  gel  electrophoresis  (PAGE)  step 
in  the  RPA  procedure  is  time-consuming  and  hazardous.  This  study  reports  the  development 
of  an  adaptation  for  the  RPA  which  allows  accurate  quantitative  analysis  of  large  numbers 
of  mRNA  samples  by  replacing  PAGE  with  direct  application  of  the  digested  sample  onto 
the  hybridization  membrane  by  way  of  a  slot  blot.  To  test  this  protocol,  three  experiments 
of  three  runs  each  were  performed  using  dilution  series  of  6  to  200  pg  of  interleukin-2  sense 
RNA  transcript.  ANOVA  produced  P-values  of  <  .0(X)1  and  values  of  0.93,  0.98  and  0.93 
for  the  three  experiments,  demonstrating  that  the  data  sets  were  highly  linear.  This  method 
has  also  been  used  to  detect  the  full  range  of  expression  of  an  interleukin-2-producing  mouse 
cell  line.  There  has  been  one  previously  published  slot  blot/RPA  protocol,  but  this  method 
differs  in  that  it  preserves  the  basic  advantages  of  RPA  over  northern  blotting;  i.e.,  greater 
sample  capacity  and  hybridization  efficiency  in  solution.  As  well,  this  method  can  be  simply 
added  onto  any  working  RPA  protocol. 


Advanced  genetic  techniques  have  allowed  the  quantification  and 
monitoring  of  mutations  or  rare  wild  type  mRNAs  present  in  miniscule 
amounts  in  the  cell.  One  technique  used  for  this  purpose  is  the 
endonuclease  protection  assay,  which  utilizes  either  SI  endonuclease  or 
a  ribonuclease  (RNase)  to  digest  single  stranded  sequences  (Ausubel  et 
al.  1999).  In  an  endonuclease  protection  assay,  total  RNA  is  hybridized 
to  a  labeled  RNA  or  DNA  probe  specifically  complementary  to  the 
targeted  mRNA.  The  hybridization  mixture  is  then  exposed  to  the 
endonuclease,  which  digests  any  unhybridized  sequences  (i.e.,  all 
mRNAs  except  the  target  and  the  probe).  The  resulting  product  is  run 
on  a  gel,  with  autoradiography  revealing  bands  representing  those 
portions  of  the  labeled  probe  which  hybridized  to  the  target  mRNA 
sequence.  Protection  assays  have  a  variety  of  uses,  from  determining 
transcription  start  sites  (Zinn  et  al.  1983)  to  tracking  the  population 
dynamics  of  mutants  in  viral  populations  (Aranda  et  al.  1993).  Though 
RNase  protection  assays  (RPAs)  are  very  useful  for  complex  mutational 
analysis,  they  have  recently  become  popular  for  the  simpler  purpose  of 
monitoring  levels  of  wild  type  mRNAs,  due  to  the  superior  sensitivity 
of  the  method.  For  quantitation  purposes,  the  information  gained  from 
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the  gel  step  is  unnecessary,  since  only  one  banding  pattern  is  produced 
(in  mutational  analysis,  more  complex  patterns  are  produced).  Thus  the 
time  and  hazards  of  pouring,  running  and  processing  a  gel  could  be 
eliminated  by  use  of  an  alternate  means  of  quantitation.  This  study 
outlines  an  adaptation  in  which  the  RPA  products  are  hybridized  directly 
to  the  membrane  using  a  slot-blot  manifold.  This  allows  accurate 
quantitative  analysis  of  large  numbers  of  RPA  samples  while  avoiding 
the  hazards  of  acrylamide  gels. 

Methods  and  Materials 

Kits  from  Ambion,  Inc.  (Austin,  Texas,  USA)  were  used  to  construct 
the  probe,  run  the  RPAs  and  detect  the  product,  but  this  method  should 
be  adaptable  to  any  RPA  protocol  without  modifications.  Briefly,  a 
polymerase  chain  reaction  (PCR)  product  containing  a  partial  sequence 
to  the  gene  for  mouse  interleukin-2  (IL-2)  was  ligated  to  a  T7  promoter 
adapter  and  amplified  by  PCR  using  the  Lig’n  Scribe™  kit  (Ambion). 
In  vitro  transcription  was  then  performed  using  the  MAXIscript™  kit 
(Ambion)  to  produce  the  RNA  probe.  The  RNA  probe  was  gel-purified 
and  labeled  with  the  BrightStar™  psoralen-biotin  kit  (Ambion).  IL-2 
sense  RNA,  used  as  the  target  for  the  dilution  series  tests,  was  produced 
by  in  vitro  transcription  using  the  MAXIscript™  kit  (Ambion).  Either 
IL-2  sense  RNA  or  IL-2-producing  EL4.IL2  murine  cells  were  used  to 
provide  sample  RNA  for  the  DirectProtect™  Lysate  RPA  kit  (Ambion). 

At  this  point,  the  RPA  products  are  normally  run  on  a  polyacrylamide 
gel  and  then  transferred  to  a  nylon  membrane  by  electroblotting.  In¬ 
stead,  a  slot  blot  using  a  48-slot  vacuum  manifold  (Bio-Rad  Labora¬ 
tories,  Hercules,  CA)  was  performed.  A  pre- wetted  BrightStar™  Plus 
nylon  membrane  on  three  pre-wetted  sheets  of  filter  paper  was  secured 
in  the  slot  blot  manifold.  One  hundred  jA  of  diethyl  pyrocarbonate- 
treated  distilled  water  (Ausubel  et  al.  1999)  was  pulled  through  each 
well  by  gentle  vacuum,  followed  by  200  jiL  of  RPA  product  (hybrid¬ 
ized,  RNase- treated  probe  and  target  RNA)  in  ice-cold  10  mM  NaOH 
/  1  mM  ethylenediaminetetraacetic  acid  (EDTA).  After  vacuum,  this 
was  followed  by  500  /xL  more  of  the  NaOH/EDTA  solution  and 
vacuum.  The  membrane  was  removed  from  the  manifold  and  rinsed  in 
30  mM  sodium  citrate,  300  mM  sodium  chloride,  pH  7.0  /  0.1%  SDS; 
then  the  probe  was  fixed  onto  the  membrane  by  UV  irradiation  in  a 
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Figure  1.  RPA  /  slot  blot  example  results.  (A)  A  dilution  series  of  IL-2  RNA  was 
hybridized  to  an  IL-2  RNA  probe,  digested  with  RNase,  and  then  blotted  onto  a  nylon 
membrane.  Chemiluminescence  was  visualized  by  exposing  X-ray  film.  (B) 
Densitometry  of  the  film  in  panel  A,  demonstrating  linearity  of  signal  from  200  to  12  pg 
RNA. 


Hoefer  UVC  500  crosslinker  oven  (Amersham  Pharmacia  Biotech,  Inc. , 
Piscataway,  NJ,  USA)  following  company  protocols.  Chemiluminescent 
detection  using  CDP-Star  (Ambion)  was  used  to  visualize  the  RPA 
products  on  the  membrane.  X-ray  film  was  exposed  for  10-30  min. 
Densitometry  was  performed  by  imaging  the  developed  film  with  a 
Bio  Video-500™  CCD  camera  and  analyzing  pixel  density  with  the  NIH 
Image  software  program. 


Results 

Three  RPA  experiments  of  three  replicate  dilution  series  each  were 
performed  using  6  to  200  pg  of  IL-2  sense  RNA  transcript.  Figure  1 
shows  the  results  of  one  replicate  of  one  experiment.  The  degree  of 
chemiluminescence  is  linear  within  a  range  of  12  to  200  pg  in  this 
experiment,  as  seen  in  the  film  exposed  to  chemiluminesence  (Fig.  lA) 
and  in  a  densitometry  scan  of  the  same  film  (Fig.  IB).  Though  there 
was  some  variability  from  experiment  to  experiment,  the  signal  patterns 
for  all  trials  were  very  similar  to  those  shown  in  Figure  1 .  The  pixel 
density  readings  (the  area  under  each  peak,  as  in  Fig.  IB)  were  plotted 
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against  the  entire  range  of  RNA  concentrations  (0-200  pg)  for  each 
experiment  and  the  data  analyzed  by  linear  regression.  ANOVA 
produced  P- values  of  <  .0001  and  values  of  0.93,  0.98  and  0.93  for 
the  three  experiments.  The  values  indicate  the  proportion  of  variation 
in  pixel  density  that  is  accounted  for  by  the  regression  line  and  demon¬ 
strate  that  the  data  sets  were  highly  linear.  This  RPA/slot  blot  method 
was  also  used  to  detect  IL-2  mRNA  in  different  murine  cell  lines.  This 
method  could  not  detect  IL-2  in  the  nonproducing  LBRM-33  line  but 
could  detect  IL-2  in  10^  cells  of  the  EL4.IL2  line  even  without  induction 
by  phorbol-12-myristate- 13-acetate  (PM A).  Thus,  this  method  was 
useful  for  detecting  the  full  range  of  expression  of  an  IL-2-producing 
line. 


Discussion 

In  a  previous  report  (Zhan  et  al.  1997),  a  standard  slot  blot  was 
performed  by  crosslinking  RNA  to  a  nylon  membrane  and  hybridizing 
with  an  RNA  probe.  Nonspecific  RNA  was  then  degraded  by  RNase 
treatment  of  the  membrane.  In  the  method  of  the  present  paper,  a 
standard  RPA  was  performed,  including  probe  hybridization  and  RNase 
treatment,  and  then  the  remaining  RPA  products  were  bound  to  a  mem¬ 
brane  via  slot  blotting.  This  method  preserves  the  basic  principle  of  the 
RPA;  i.e.,  eliminating  the  extraneous  RNA  before  binding  to  the  mem¬ 
brane.  This  retains  the  advantages  of  RPA  over  northern  blotting, 
which  is  its  greater  sample  capacity  and  hybridization  efficiency  by 
performing  the  digestion  in  solution  rather  than  on  the  membrane.  As 
well,  the  present  method  can  be  simply  added  onto  any  working  RPA 
protocol. 

There  are  potential  problems  with  a  slot  blot  adaptation  of  an  RPA 
that  have  been  addressed  by  this  study.  RPAs  are  often  plagued  by 
smearing  in  the  lanes,  making  it  difficult  to  use  densitometry  to  estimate 
target  mRNA  concentration.  The  experimenter  must  decide  how  much 
of  the  smear,  if  any,  to  include  with  the  band  in  densitometry  analysis, 
for  the  smear  may  result  from  nonhybridized,  partially  digested  probe. 
Furthermore,  all  of  the  label  constituting  this  smear  would  be  expected 
to  be  bound  to  the  membrane  in  a  slot  blot,  and  this  will  be  indis¬ 
tinguishable  from  the  label  in  the  main  band,  since  no  electrophoretic 
separation  was  involved.  In  this  case,  signal  linearity  could  be  greatly 
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affected.  In  this  report,  however,  a  clear  signal  linearity  has  been 
demonstrated  with  the  slot  blot  adaptation  over  a  wide  range  of  target 
concentrations.  In  addition,  the  slot  blot  format  was  found  to  be 
especially  easy  to  work  with  for  densitometry  analysis,  since  all  signals 
are  lined  up  in  rows  and  columns  that  are  simple  to  "box  in"  for  com¬ 
parative  computer  analysis.  The  next  step  in  testing  this  protocol  would 
be  a  direct  comparison  between  this  slot-blot/RPA  protocol  and  a  slot 
blot  without  RNase  pretreatment  using  mRNA  containing  a  dilution 
series  of  target  mRNA.  This  would  demonstrate  (1)  the  linearity  of  the 
signal  with  a  background  of  nonspecific  mRNA  and  (2)  the  sensitivity 
of  the  method  compared  to  a  traditional  slot  blot  (without  RNase  pre¬ 
treatment)  . 

RPAs  are  now  commonly  used  to  determine  mRNA  concentrations 
(e.g.,  Tymms  1995;  Lau  &  Tang  1998).  In  fact,  RPAs  have  become 
somewhat  of  a  standard  by  which  other  mRNA  quantification  methods 
are  measured  (Wang  &  Brown  1999).  This  slot  blot  adaptation  could 
expedite  projects  which  involve  larger-scale  screenings  for  particular 
mRNAs.  For  each  individual  application,  however,  initial  RPA  test 
trials  should  be  examined  on  a  gel  in  order  to  determine  that  the  RPA 
is  working  optimally  and  that  alternate  banding  patterns  do  not  appear 
in  different  types  of  samples. 
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The  Cross  Timbers  of  north  Texas  is  a  north-south  stretch  of  rugged 
land  geographically  located  between  the  comparatively  gentle  sloping 
terrain  of  the  Southern  Plains’  mesquite  savanna  to  the  west  and  the 
tail-grass  Grand  Prairie  to  the  east.  The  region  is  dominated  by  hills 
and  mountains  that  are  produced  by  differential  erosion  of  Pennsylvanian 
deposits  of  limestones,  sandstones  and  shale.  One  of  the  most  striking 
physical  features  of  the  area  is  Possum  Kingdom  Lake,  an  artificial 
impoundment  of  the  Brazos  River.  Reputed  for  its  clear  waters  and  fish 
populations,  the  lake  is  one  of  the  most  popular  recreational  sites  in 
north  Texas. 

Four  major  plant  associations  are  evident  within  the  region.  Wood¬ 
lands  that  cloak  the  crests  and  slopes  are  dominated  by  a  variety  of  oaks, 
mostly  post  oak  (Quercus  stellata)  and  blackjack  oak  {Q.  marilandicd) , 
although  junipers  (Juniperus  sp.)  are  common  on  many  of  the  steeper 
gradients.  Where  level  valley  bottoms  encroach,  mesquite  {Prosopis 
glandulosa)  is  the  dominant  woody  plant.  The  flood  plain  of  the  Brazos 
River  is  sparsely  vegetated,  but  it  provides  terraces  and  deep  sands  that 
support  yucca  {Yucca  spp.)  and  sand  sage  (Artimesia  sp.).  Riparian 
woodlands  are  dominated  by  pecan  {Cary a  illinoinensis) ,  walnut 
{Juglans  nigra),  American  elm  {Ulmus  americana),  hackberry  {Celtis 
spp.),  bois-d’arc  {Machura  pomifera),  cottonwood  {Populus  deltoides) 
and  willow  {Salix  sp.). 

Little  is  recorded  of  the  Cross  Timbers  mammalian  fauna,  although 
the  mammals  of  adjoining  regions  to  the  east  (Schmidly  1983),  west 
(Dalquest  &  Horner  1984),  and  the  south  (Goetze  1998)  have  been 
studied  in  detail.  The  basis  for  this  report  was  the  senior  author’s 
unpublished  M.S.  thesis  (Riddle  1971)  and  subsequent  additions  of 
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specimens  to  the  Collection  of  Recent  Mammals,  Midwestern  State 
University  (MWSU).  This  study  presents  the  first  records  of  occurrence 
for  12  species  of  mammals  from  Palo  Pinto  County.  Of  these  records, 
one  defines  the  northwest  margin  of  a  species’  range  in  the  state 
(Nycticeius  humeralis),  and  two  are  of  taxa  that  are  locally  extinct 
(Antilocapra  americana  and  Bison  bison), 

Lasiurus  borealis. — The  red  bat  is  a  seasonal  migrant  in  north  Texas, 
where  it  is  commonly  observed  foraging  over  ponds  and  along  wooded 
creeks.  Pregnant  females  arrive  in  late  April  to  deliver  and  raise  their 
young  before  departing  in  October  (Stangl  et  al.  1996).  Two  females 
(MWSU  8039,  8040)  were  collected  with  a  shotgun  on  25  May  1971 
from  5.5  mi  S,  3  mi  E  of  Strawn.  Each  animal  contained  four  well 
developed  fetuses.  Two  lactating  individuals  taken  on  12  June  were  not 
retained  for  specimens. 

Nycticeius  humeralis. — Wintering  habits  of  the  evening  bat  are 
unknown,  but  most  specimens  from  Texas  have  been  taken  during  the 
warmer  months  of  the  year  (Schmidly  1991).  One  specimen  was  col¬ 
lected  while  foraging  over  a  stock  tank  5  mi  S,  3  mi  E  of  Strawn 
(MWSU  8059)  and  five  others  (MWSU  8060-8064)  were  taken  from 
along  tree-lined  margins  of  the  Brazos  River,  5.5  mi  N  of  Palo  Pinto. 
Specimens  were  taken  from  late  April  to  early  May  1971 ,  and  two  of  the 
three  females  taken  from  the  latter  locality  on  15  May  were  pregnant. 
These  county  records  define  the  northwestern  limits  of  the  species  in 
Texas, 

Dasypus  novemcinctus .—Tht  nine-banded  armadillo  is  perhaps  the 
most  conspicuous  of  Palo  Pinto  County  residents.  It  occurs  throughout 
the  county,  although  it  is  most  commonly  encountered  in  the  vicinity  of 
wooded  creek  banks.  One  specimen  (MWSU  7859)  from  5  mi  W  of 
Palo  Pinto  was  collected  on  26  February  1971  and  retained  as  a  study 
specimen. 

Lepus  calif omicus.— The  black-tailed jackrabbit  occurs  throughout  the 
county  in  a  variety  of  ecological  settings,  but  it  is  especially  common  in 
short  grass  situations  such  as  heavily  grazed  pastures.  One  road- killed 
animal  (MWSU  7863)  was  salvaged  on  12  January  1971  from  5  mi  S, 
3  mi  E  of  Strawn. 

Peromyscus  leucopus.—Th&  white- footed  mouse  is  practically 
ubiquitous  in  the  county.  Two  specimens  (MWSU  9019,  9025)  were 
saved  from  5  mi  W  of  Palo  Pinto  on  25  February  1971  and  another 
(MWSU  9057)  was  prepared  from  3  mi  NW  of  Graford  on  3  June  1969. 
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Of  the  varied  habitats  sampled  in  the  county,  the  species  was  absent  only 
from  the  steep  limestone  formations  occupied  by  the  Texas  mouse  (P. 
attwateri). 

Sigmodon  hispidus. — The  hispid  cotton  rat  was  the  most  frequently 
encountered  mammal  in  the  county,  although  populations  sometimes 
experience  dramatic  declines.  Characteristic  runways  of  the  animal  are 
conspicuous  where  grassy  vegetation  is  sufficiently  dense  to  provide 
protective  cover.  Specimens  from  three  separate  localities  were  saved: 
11  mi  N,  2  mi  W  of  Mineral  Wells  (MWSU  9123)  on  9  November 
1969;  1  mi  N,  5  mi  W  of  Mineral  Wells  (MWSU  9152)  in  March  of 
1969;  and  8  mi  W  of  Peadenville  (MWSU  9148)  in  November  of  1968. 

Vulpes  fulva. — The  red  fox  is  observed  less  frequently  than  the  gray 
fox  {Urocyon  cinereoargenteus) ,  although  carcasses  along  roadways  or 
hung  on  fences  suggest  it  is  not  uncommon  locally.  One  fox  (MWSU 
9947)  was  collected  on  4  June  1969  as  it  was  drinking  from  a  stock  tank 
shortly  after  dawn,  5  mi  S,  3  mi  E  of  Strawn.  This  locality  was 
dominated  by  sparsely  distributed  mesquite  and  juniper,  near  low 
sandstone  hills. 

Procyon  lotor.—Tht  raccoon  occurs  throughout  the  county,  especially 
along  wooded  waterways.  It  is  easily  trapped,  and  local  abundance  is 
directly  related  to  prevailing  fur  prices.  Automobile  traffic  also  takes 
a  high  toll.  The  species  is  omnivorous,  but  juniper  berries  comprise  a 
major  food  item  in  the  fall,  staining  the  feces  red.  Two  specimens 
(MWSU  9941,  9942)  were  taken  on  4  July  1969  from  the  shores  of 
Possum  Kingdom  Lake. 

Bassariscus  astutus. —Vur  trappers  find  the  ringtail  the  most  abundant 
of  local  furbearing  species.  Escarpments  covered  by  juniper  and  oak 
provide  ideal  habitat.  We  report  eight  specimens  from  separate  locali¬ 
ties:  Santo  (MWSU  747)  on  12  April  1964;  4  mi  NE  of  Palo  Pinto 
(MWSU  750)  on  19  November  1955;  1  mi  S  of  Brad  (MWSU  11512) 
on  8  January  1980;  15  mi  W  of  Graford  (MWSU  18723)  In  May  of 
1991;  11  mi  W  of  Graford  (MWSU  13326)  on  5  March  1976;  10  mi  W 
of  Graford  (MWSU  8932)  on  12  January  1971;  17  mi  SW  of  Graford 
(MWSU  1 1513)  on  21  May  1981;  Possum  Kingdom  State  Fish  Hatchery 
(MWSU  18723)  in  May  of  1991. 

Taxidea  taxus. — The  badger  is  represented  by  a  weathered  skull 
(MWSU  9955)  collected  on  26  February  1971  from  a  mesquite  pasture 
15  mi  N  of  Mineral  Wells.  Residents  report  that  the  species  is  locally 
uncommon,  and  that  it  is  generally  restricted  to  those  few  areas  of  level 
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land  suitable  for  agricultural  purposes  and  livestock  grazing. 

Antilocapra  americana.— The  well  preserved  humerus  and  lower  jaw 
of  an  adult  pronghorn  (MWSU  14041)  were  salvaged  in  October  of 
1971  from  a  gravel  pit  just  west  of  Mineral  Wells.  Age  of  the  material 
is  speculative,  but  state  of  preservation  suggests  the  animal  lived  within 
a  time  frame  of  perhaps  one  hundred  to  a  few  thousand  years  before 
present.  Dalquest  &  Horner  (1984)  reported  that  native  populations  of 
the  pronghorn  were  exterminated  in  north  Texas  by  the  1880s,  and  they 
recorded  remains  of  the  species  from  nearby  Archer,  Baylor  and  Knox 
counties  of  north  Texas. 

Bison  bison. — Native  populations  of  bison  in  north  Texas  were  extinct 
by  the  1880s  (Dalquest  &  Horner  1984),  but  skeletal  remains  of  the 
bison  are  commonly  uncovered  by  excavations  or  erosion  of  stream 
banks  in  north  Texas.  The  weathered  and  darkly  stained  bison  meta- 
podial  of  undetermined  age  (MWSU  14047)  was  retained  as  a  voucher 
specimen  from  the  same  gravel  pit  that  produced  the  specimen  of 
Antilocapra. 
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ADDITIONAL  DATA  ON  HABITAT  SEGREGATION 
BETWEEN  GAMBUSIA  SPP. 

Clark  Hubbs  and  John  Karges 

Section  of  Integrative  Biology ,  University  of  Texas 
Austin,  Texas  78712  and 
Nature  Conservancy  of  Texas,  P.  O.  Box  2078 
Fort  Davis,  Texas  79734 


Gambusia  geiseri  and  the  endangered  G.  nobilis  have  been  shown  to 
occupy  different  parts  of  the  environment  in  the  refuge  canal  at 
Balmorhea  State  Park  (Hubbs  et  al.  1995).  At  that  locality,  G.  nobilis 
was  more  abundant  in  deeper  water  and  in  aquatic  vegetation,  and  G. 
geiseri  was  more  abundant  in  open  surface  locations.  The  objective  of 
this  study  was  to  see  if  additional  data  on  the  habitat  utilization  of  the 
two  species  of  Gambusia  at  three  other  locations  in  west  Texas  showed 
a  similar  pattern  to  that  found  by  Hubbs  et  al.  (1995).  Additional  data 
were  obtained  on  depth  distribution  of  G.  qffinis  and  G.  nobilis  at  a 
fourth  locality. 

Data  were  collected  at  the  following  four  locations:  (1)  Diamond  Y 
Spring  and  in  pools  at  Diamond  Y  Draw;  (2)  "Monsanto  Well"  both  on 
the  Nature  Conservancy’s  Diamond  Y  Spring  Preserve  16  km  north  of 
Fort  Stockton,  Pecos  County;  (3)  East  Sandia  Spring  on  Nature 
Conservancy  Sandia  Spring  Preserve  east  of  Balmorhea,  Reeves  County; 
and  (4)  Phantom  Cave  Spring  on  U.  S.  Bureau  of  Reclamation  property 
west  of  Balmorhea,  Reeves  County. 

Fishes  were  collected  by  minnow  traps  baited  with  Gravy  Train  dried 
dog  food.  Three  types  of  minnow  traps  were  used:  (1)  plastic  floating 
traps,  (2)  1/4  inch  mesh  metal  traps,  and  (3)  1/8  inch  mesh  metal  traps. 
The  plastic  traps  were  fished  at  the  water  surface,  and  the  metal  traps 
were  fished  on  the  bottom  at  different  depths  at  different  locations. 
During  the  trapping,  environmental  parameters  (dissolved  oxygen,  water 
temperature,  salinity,  turbidity,  NH4  and  NO3)  were  measured  with  a 
Hydrolab®  Data  Sonde.  The  data  were  stored  in  a  computer  with  an 
Excel  program.  Fishes  were  collected  from  January  1998  to  June  1999. 
The  following  trapping  efforts  were  made  each  month:  8  to  16  surface 
traps  and  2  to  8  bottom  traps  (1  m  deep)  near  the  headsprings  of 
Diamond  Y  Spring  and  at  Monsanto  Well,  8  to  10  surface  and  8  to  10 
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Table  1 .  Total  numbers  and  percentages  of  each  species  of  Gambusia  that  were  captured  in 
monthly  samples  with  minnow  traps  at  each  habitat  type  within  each  location. 


Trap  Location  G.  nobilis  G.  geiseri  Total  Gambusia 


Diamond  Y  Spring 

Surface 

10,901 

(66%) 

5,699 

(34%) 

16,600 

Deep 

1,264 

(76%) 

378 

(23%) 

1,642 

East  Sandia  Spring 

Surface 

2,719 

(73%) 

1,001 

(27%) 

3,720 

Deep 

2,328 

(90%) 

267 

(10%) 

2,595 

Phantom  Spring 

Surface 

5,248 

(35%) 

9,581 

(65%) 

14,829 

Deep 

1,741 

(84%) 

323 

(16%) 

2,064 

Current 

2,050 

(80%) 

526 

(20%) 

2,576 

Monsanto  Well 

Surface 

2388 

(15%) 

13,417 

(85%) 

15,805 

Deep 

688 

(38%) 

1,100 

(61%) 

1,788 

bottom  traps  (1  m  deep)  in  the  spring  pool  at  East  Sandia  Spring,  8  to 
12  surface  traps  in  still  water  along  the  U.  S.  Bureau  of  Reclamation 
endangered  species  refuge  canal  shore,  2  to  8  metal  traps  in  the  current 
along  the  west  wall  adjacent  to  the  original  concrete-lined  irrigation 
canal,  and  3  to  8  floating  and  3  to  8  bottom  traps  (1.5  m  deep)  in  the 
spring  pool  at  Phantom  Cave  Spring.  Aquatic  vegetation  appeared  to  be 
equivalent  at  all  localities. 

During  September  1998,  Diamond  Y  Spring  was  treated  with  anti- 
mycin  in  a  successful  effort  to  eliminate  exotic  Cyprinodon  variegatus 
and  their  hybrids  with  C.  bovinus.  Incidental  to  that  action,  the  exotic 
Gambusia  geiseri  was  also  eliminated.  Consequently,  the  Diamond  Y 
Spring  data  are  given  only  for  January  1998  to  September  1998,  as  no 
G.  geiseri  were  present  after  that  date.  Gambusia  geiseri  is  exotic  to 
Phantom  Spring,  having  been  introduced  from  San  Marcos  Spring  before 
1930. 

At  Diamond  Y  Spring,  67%  of  the  18,242  Gambusia  caught  were  G. 
nobilis  and  33%  were  G.  geiseri.  At  Monsanto  Well,  83%  of  the 
17,593  Gambusia  caught  were  G.  ajfinis  and  17%  were  G.  nobilis.  At 
East  Sandia  Spring,  56%  of  the  6,315  Gambusia  caught  were  G.  geiseri 
and  46%  were  G.  nobilis  (Table  1).  At  Phantom  Spring  Cave,  46%  of 
the  19,469  Gambusia  caught  were  G.  nobilis  and  54%  were  G.  geiseri. 
There  was  a  consistent  trend  for  a  higher  percentage  of  the  G.  nobilis 
to  occupy  deeper  water  (11,  17,  49  or  24)  and  current  (39)  than  G. 
geiseri  or  G.  affinis,  and  a  lower  percentage  to  occupy  quiet  or  surface 
waters  (Table  1).  All  of  the  differences  are  significant  at  the  0.01  level. 
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It  is  not  surprising  that  congeners  occupy  different  habitats  when 
sympatric.  The  above  data  support  the  findings  of  Hubbs  et  al.  (1995). 

The  traps  caught  few  other  species,  primarily  Lucania  parva  at 
Diamond  Y  and  Monsanto  Well,  Astyanax  mexicanus  at  East  Sandia  and 
Phantom  Cave,  Cyprinodon  elegans  at  Phantom  Cave,  C.  bovinus  at 
Monsanto  Well,  and  C.  bovinus,  C.  variegatus,  and  Cyprinodon  hybrids 
at  Diamond  Y. 
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NOTES  ON  RED  BATS, 

LASIURUS  (CHIROPTERA:  VESPERTILIONIDAE), 
OF  THE  DAVIS  MOUNTAINS  AND  VICINITY,  TEXAS 


Clyde  Jones  and  Robert  D.  Bradley 

Department  of  Biological  Sciences  and 
the  Museum  of  Texas  Tech  University 
Lubbock,  Texas  79409 


There  are  few,  scattered  records  of  red  bats  from  the  Davis 
Mountains  and  vicinity  in  particular,  and  from  the  Trans-Pecos  region 
of  Texas  in  general  (Schmidly  1977;  Genoways  &  Baker  1988; 
Schmidly  1991;  Davis  &  Schmidly  1994).  Recent  fieldwork  has  resulted 
in  some  additional  insights  into  the  geographic  distribution  and 
relationships  of  red  bats  in  this  region  of  west  Texas. 

Two  specimens  of  Lasiurus  borealis  were  obtained  in  the  Davis 
Mountains  State  Park,  UTM  coordinates  13603887E  3385960N  and 
13603905E  3385975N,  respectively.  These  localities  are  approximately 
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1.6  km  N  and  4.8  km  W  of  Fort  Davis,  Jeff  Davis  County,  Texas.  The 
specimens,  adult  females,  were  collected  on  20  and  27  June  1998, 
respectively.  The  bats  were  caught  in  mist  nets  set  across  a  permanent 
pool  of  water  in  the  main  channel  of  Limpia  Creek.  The  streambed  is 
bordered  by  well-developed  riparian  vegetation  that  forms  an  almost 
closed  canopy  over  the  pool.  The  riparian  vegetation  and  adjacent 
wooded  zone  are  typical  of  the  area;  see  Jones  et  al.  (in  press)  for  a 
detailed  description  of  this  site.  Other  species  of  bats  recorded  at  this 
area  on  the  same  dates  included  cave  myotis  {Myotis  velifer),  Yuma 
myotis  (M.  yumanensis),  western  yellow  bat  (Lasiurus  xanthinus), 
western  pipistrelle  {Pipistrellus  hesperus),  Townsend’s  big-eared  bat 
{Plecotus  towns endii)  and  pallid  bat  (Antrozous  pallidus). 

One  specimen  of  L,  borealis  was  collected  in  the  Sierra  Vieja,  UTM 
coordinates  13532545E  3379742N.  This  locality  is  about  10  mi  (16.1 
km)  WSW  of  Valentine  (Clay  Miller  ranch).  Presidio  County,  Texas. 
This  male  specimen  was  obtained  on  23  July  1998.  The  bat  was  cap¬ 
tured  in  a  mist  net  stretched  across  a  small  pool  of  water  in  a  deep, 
narrow  canyon.  Several  scattered  Rio  Grande  cottonwood  {Populus 
deltoides  var.  wislizenii)  and  desert  willow  (Chilopsis  linearis)  are 
present  in  the  bottom  of  the  canyon,  which  is  bordered  by  rocky  cliffs. 

Additional  species  of  bats  collected  at  this  locality  on  the  same  date 
included  western  small-footed  myotis  (M.  ciliolabrum) ,  fringed  myotis 
(M.  thysanodes),  cave  myotis  (M.  velifer),  long-legged  myotis  (M. 
volans),  western  pipistrelle  (P,  hesperus),  big  brown  bat  {Eptesicus 
fuscus),  Townsend’s  big-eared  bat  {P.  townsendii)  and  pallid  bat  {A. 
pallidus). 

Reports  in  the  literature  on  L.  borealis  from  the  area  include  records 
of  specimens  from  two  localities  in  Jeff  Davis  County,  Texas,  and  one 
locality  in  Presidio  County,  Texas  (Schmidly  1977;  Schmidly  1991).  In 
addition,  specimens  of  L.  borealis  are  known  from  northwestern 
Chihuahua  (Bogan  &  Williams  1970;  Anderson  1972),  El  Paso  County, 
Texas  (Jones  &  Lee  1962),  and  Brewster  County,  Texas  (Anderson 
1972;  Schmidly  1991).  Based  on  analyses  of  published  measurements, 
Genoways  &  Baker  (1988)  agreed  with  the  identifications  of  these 
specimens. 

There  is  one  record  of  the  western  red  bat  (L.  blossevillii)  from  the 
ZH  Canyon,  Sierra  Vieja,  9  mi  (14.5  km)  W  of  Valentine,  Presidio 
County,  Texas,  taken  on  15  July  1969  (Genoways  &  Baker  1988).  The 
possibilities  of  potential  sympatry  between  L.  blossevillii  and  L.  borealis 
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in  the  Trans-Pecos  area  of  Texas  and  adjacent  northern  Mexico  were 
discussed  by  Genoways  &  Baker  (1988)  and  Schmidly  (1991).  At  that 
time,  the  specimen  of  L.  borealis  closest  geographically  to  L.  blossevillii 
was  from  about  50  mi  (80  km)  to  the  east  in  the  Davis  Mountains 
(Genoways  &  Baker  1988). 

The  records  of  L,  borealis  reported  herein  from  the  Davis  Mountains 
indicate  that  this  species  is  known  geographically  from  about  35  airline 
miles  (56  km)  of  the  locality  of  occurrence  of  L.  blossevillii  in  West 
Texas.  Although  there  are  some  discrepancies  in  the  localities  on  the 
specimen  labels,  there  are  reasons  to  believe  that  the  specimens  of  L. 
blossevillii  and  L.  borealis  from  the  Sierra  Vieja  were  collected  at  the 
same  place  (C.  Miller,  pers.  comm.).  Although  the  dates  of  collections 
of  the  aforementioned  specimens  are  almost  30  years  apart,  these  data 
support  the  contention  of  Genoways  &  Baker  (1988)  that  there  may  be 
an  area  of  overlap  between  the  geographic  ranges  of  these  two  species 
in  West  Texas. 

The  specimens  of  L.  borealis  (skins  and  skulls)  discussed  above  (TTU 
78291,  78292,  78293),  as  well  as  frozen  tissues  (TK  54710,  83011, 
83184),  are  deposited  in  the  Collection  of  Recent  Mammals  in  the 
Natural  Science  Research  Laboratory,  the  Museum  of  Texas  Tech 
University. 
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On  7  February  1998,  while  collecting  spiders  and  other  invertebrates 
from  a  pasture  4  mi  N,  13  mi  E  of  Laredo,  Texas,  the  junior  author 
discovered  owl  pellets  in  a  vacant  deer  blind.  Investigation  of  the  site 
on  1  April  1998  confirmed  that  the  pellets  were  left  in  the  elevated  blind 
by  at  least  one  barn  owl.  At  that  time,  a  nest  containing  two  eggs  was 
present  in  the  blind.  Because  the  casts  of  Tyto  alba  contain  skeletal 
remains  which  are  of  value  in  determining  the  species  of  small  mammals 
within  terrestrial  communities  (Baker  1991;  Goetze  et  al.  1991; 
Jorgensen  et  al.  1998),  they  were  collected  on  both  dates  and  the  skeletal 
material  identified  to  species  when  possible. 

The  collection  site  was  in  a  semiarid  pastureland  dominated  by 
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mesquite  (Prosopis  glandulosa)  and  prickly  pear  cactus  (Opuntia 
engelmannii) .  Huisache  {Acacia  fame  stand)  and  retama  {Parkinsonia 
aculeata)  were  found  at  the  locality.  Most  common  grasses  included 
buffelgrass  {Cenchms  ciliaris)  and  silver  bluestem  {Bothriochloa 
saccharoides) .  Croton  {Croton  sp.)  was  present  along  dry  arroyos  and 
ground  cover  was  sparse.  Soils  at  the  site  were  loamy  and  contained 
small  gravel. 

The  remains  of  eleven  genera  of  small  mammals,  one  unidentified 
passerine  bird,  and  fragments  of  orthopteran  and  coleopteran  insects 
were  identified  from  the  cast  material  (Table  1).  Cotton  rat  {Sigmodon 
hispidus)  skeletal  material  was  most  numerous  in  the  barn  owl  pellets 
collected  in  February.  Hispid  pocket  mice  {Chaetodipus  hispidus)  and 
Merriam’s  pocket  mice  {Perognathus  merriami)  were  next  in  importance 
in  this  sample,  whereas  pygmy  mice  {Baiomys  taylori)  and  southern 
plains  wood  rats  {Neotoma  micropus)  occurred  in  somewhat  lower 
numbers.  Mammals  which  were  represented  within  the  community  but 
made  up  a  lesser  percentage  of  the  barn  owl’s  diet  in  the  February 
sample  included  the  desert  shrew  {Notiosorex  crawfordi),  northern 
grasshopper  mouse  {Onychomys  leucogaster)  and  fulvous  harvest  mouse 
{Reithrodontomys  fulvescens).  The  presence  of  the  desert  shrew  within 
the  community  is  especially  noteworthy  due  to  the  paucity  of  records  of 
this  species  in  southern  Texas.  Although  the  April  sample  was  too  small 
for  direct  comparison  to  the  February  sample,  cotton  rats  were  identified 
in  the  highest  percentage. 

Results  of  the  pellet  analysis  of  barn  owls  from  Webb  County  agree 
with  those  presented  by  Baker  (1991)  for  Tyto  alba  along  the  Texas 
Coastal  Bend  and  Jorgensen  et  al.  (1998)  for  owls  in  southern  New 
Mexico.  Sigmodon  hispidus  seems  to  be  the  preferred  prey  of  barn  owls 
in  southern  regions  of  Texas  and  New  Mexico.  However,  higher 
numbers  of  cotton  rat  remains  also  may  simply  reflect  the  local 
abundance  of  S.  hispidus  relative  to  other  prey  species.  Heteromyid 
taxa,  such  as  Chaetodipus  hispidus  and  Perognathus  merriami,  also 
contribute  substantially  to  barn  owl  diets  in  Webb  County.  With  the 
exception  of  Sigmodon  in  both  samples  and  Neotoma  micropus  in  the 
April  sample,  murid  rodents  were  taken  in  lower  numbers.  Prey  of  barn 
owls  in  Webb  County  is  similar  to  that  reported  by  Baker  (1991)  with 
the  exception  of  the  Mexican  spiny  pocket  mouse  {Liomys  irroratus), 
and  marsh  rice  rat  {Oryzomys  palustris),  which  are  not  known  to  occur 
in  the  county.  Although  the  Texas  pocket  gopher  {Geomys  personatus) 
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Table  1.  Vertebrate  species  found  in  barn  owl  pellets  from  two  sampling  dates  in  Webb 
County,  Texas.  Percentage  values  are  given  in  parentheses. 


Species 

7  Febmary  1998 
(62  pellets) 

1  April  1998 
(11  pellets) 

Sigmodon  hispidus 

41 

(47.0) 

12 

(50.0) 

Chaetodipus  hispidus 

14 

(16.0) 

2 

(8.0) 

Perognathus  merriami 

13 

(15.0) 

1 

(4.0) 

Baiomys  taylori 

5 

(7.0) 

— 

Neotoma  micropus 

4 

(5.0) 

5 

(22.0) 

Notiosorex  crawfordi 

2 

(2.0) 

— 

Onychomys  leucogaster 

2 

(2.0) 

1 

(4.0) 

Peromyscus  sp. 

2 

(2.0) 

— 

Reithrodontomys  fulvescens 

1 

(1.0) 

— 

Sylvilagus  floridanus 

1 

(1.0) 

2 

(8.0) 

Dipodomys  sp. 

1 

(1.0) 

1 

(4.0) 

Unidentified  bird 

1 

(1.0) 

— 

Total 

87  (100.0) 

24  (100.0) 

and  least  shrew  {Cryptotis  parva)  have  been  reported  in  Webb  County 
(Davis  &  Schmidly  1994),  these  species  may  be  uncommon  in  the 
immediate  area. 
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The  mammalian  fauna  of  Loving  County,  Texas,  is  poorly  known. 
The  probable  reasons  for  this  lack  of  knowledge  are  that  the  county  is 
small  compared  to  other  Texas  counties  and  it  is  relatively  remote. 
Although  the  county  is  in  the  Chihuahuan  Desert,  it  is  east  of  the  Pecos 
River  and  therefore  Loving  County  was  not  included  in  the  extensive 
surveys  of  Trans-Pecos  mammals  (Schmidly  1977).  Loving  County  is 
just  west  of  the  plains  country  (Edwards  Plateau  and  High  Plains)  of 
Texas  and  this  proximity  seems  to  have  some  impact  on  the  mammal 
records  of  the  county,  particularly  with  the  reported  presence  of 
Perognathus  flavescens  (Davis  &  Schmidly  1994).  However,  since 
Loving  County  is  about  75  kilometers  to  the  west  of  these  ecosystems 
it  was  again  not  explored  by  surveys  of  the  Edwards  Plateau  and  High 
Plains  (Davis  &  Schmidly  1994;  Goetze  1998;  Packard  &  Garner  1964). 

Davis  &  Schmidly  (1994)  present  species  diversity  plots  for  quadrats 
along  two  transects  in  Texas.  According  to  the  plots  along  the  transects, 
Loving  County  should  have  about  50  mammal  species.  However,  only 
the  following  five  species  have  been  reported:  Cratogeomys  castanops, 
Perognathus  flavescens,  Dipodomys  ordii,  Chaetodipus  eremicus  and 
Lynx  rufus  (cf.  Davis  &  Schmidly  1994).  In  addition,  Bailey  (1905) 
specifically  reported  that  a  specimen  of  Dasypus  novemcinctus  was  taken 
in  Loving  County.  Most  of  the  mammalian  species  reported  from 
Loving  County  in  previous  works  and  this  study  are  either  widespread 
in  North  America  or  are  Chihuahuan  Desert  in  origin  (Hall  1981). 

The  topography  of  the  county  is  relatively  flat,  with  its  highest  point 
just  above  3300  ft  and  its  lowest  point  just  under  2700  ft  (USGA  1954). 
The  most  notable  landmarks  are  Red  Bluff  Lake  along  the  northern 
Pecos  River  and  the  sandhills  in  the  southeastern  corner  of  the  county 
(USGA  1954).  The  only  town  in  the  county  is  Mentone.  Most  of  the 
upland  portion  of  the  county  is  dominated  by  creosote  bush  (Larrea 
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tridentata) ,  while  the  riparian  habitat  on  the  banks  of  the  Pecos  River  is 
dominated  by  tamarisk  {Tamarix  chinensis). 

Specimens  were  collected  using  standard  techniques  for  small  mam¬ 
mals  (Jones  et  al.  1996).  Sherman  live  traps  were  placed  along 
uncultivated  road  sides  and  perpendicular  to  the  road  where  possible. 
Mist  nets  were  erected  over  a  portion  of  the  Pecos  River  on  one 
evening.  However,  no  bats  were  observed  nor  collected.  Voucher 
specimens  are  deposited  into  the  Abilene  Christian  University  Natural 
History  Collection  (ACUNHC)  and  the  Angelo  State  Natural  History 
Collection  (ASNHC). 

Sylvilagus  audubonii  Baird.— A  single  specimen  (ACUNHC  527)  was 
collected  10  miles  north  of  Mentone  on  7  August  1998.  The  specimen 
is  well  within  the  species  range  and  there  are  records  from  all  the 
surrounding  counties  (Davis  &  Schmidly  1994).  This  specimen  was 
taken  in  desert  scrub  near  a  stock  tank. 

Lepus  calif omicus  Gray.— This  specimen  (ACUNHC  507)  was  taken 
14  miles  north  of  Mentone  on  6  August  1998.  Lepus  califomicus  were 
frequently  seen  running  near  the  roads  at  dusk.  The  specimen  is  well 
within  the  species  range  and  there  are  records  from  most  of  the  sur¬ 
rounding  counties  (Davis  &  Schmidly  1994). 

Spermophilus  mexicanus  Erxleben.— One  Mexican  ground  squirrel 
(ACUNHC  499)  was  taken  1  mile  west  of  Mentone  along  Highway  302 
on  8  August  1998.  The  species  has  been  recorded  in  all  the  surround¬ 
ing  counties  in  Texas  (Davis  &  Schmidly  1994).  Spermophilus 
mexicanus  was  seen  diving  into  burrows  along  the  road  in  the  northern 
portion  of  the  county. 

Perognathus  merriami  Allen.— Three  specimens  of  this  species  were 
taken  in  two  locations;  two  (ACUNHC  501,  502)  were  collected  1  mile 
east  of  Mentone  on  7  August  1998  and  one  specimen  (ACUNHC  503) 
was  taken  10  miles  east  of  Mentone  on  8  August  1998.  The  problemati¬ 
cal  identification  of  these  specimens  was  based  on  their  location  on 
range  maps  generated  from  allozyme  data  (Lee  &  Engstrom  1991). 
These  specimens  represent  a  minor  range  extension  for  P.  merriami. 
These  animals  are  known  to  occur  in  Winkler  County  to  the  east  of 
Loving  County  and  Ward  County  to  the  south  of  Loving  County. 
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Dipodomys  merriami  Mearns.—A  specimen  (ACUNHC  528)  was 
taken  2  miles  north  of  Mentone  along  Highway  302  on  7  August  1998. 
This  species  is  well  within  its  range  and  there  are  records  in  all  the 
surrounding  counties. 

Dipodomys  spectabilis  Merriam.— A  specimen  (ACUNHC  508)  was 
collected  on  7  August  1998  in  conjunction  with  four  large  burrow 
system  mounds  14  miles  north  of  Mentone.  Other  mounds  of  D. 
spectabilis  were  seen  in  the  area  where  the  specimen  was  collected. 
However,  no  mounds  were  observed  in  the  southern  portion  of  the 
county. 

Neotoma  micropus  Baird.— These  specimens  (ACUNHC  529,  530) 
were  taken  10  miles  east  of  Mentone  on  8  August  1998.  This  species 
was  well  within  its  range  and  there  are  records  from  all  the  surrounding 
Texas  counties.  In  a  survey  of  collections,  two  additional  specimens 
were  located  in  the  Angelo  State  Natural  History  Collections.  Those 
two  specimens  (ASNHC  7791,  7792)  were  taken  on  30  May  1989  by  R. 
C.  Stone  2  miles  north  of  the  Red  Bluffs. 

Chaetodipus  eremicus  Lee.— Although  not  a  new  record  to  the  county, 
3  specimens  of  the  species  were  collected  in  two  locations.  One  speci¬ 
men  (ACUNHC  509)  was  taken  2  miles  east  of  Mentone  and  two  more 
specimens  (ACUNHC  510,  511)  were  collected  10  miles  east  of 
Mentone.  Chihuahuan  Desert  populations  of  C.  eremicus  were  formerly 
considered  C.  penicillatus  (cf.  Lee  et  al.,  1996). 
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